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PREVENTION OF ACCIDENTS 


BY 


H. M. VERNON 
London 


The industrial medical officer, in addition to his 
duties in organizing and _ supervising first-aid 
services for the treatment of injuries incurred in 
factories and other industrial establishments, is 
often able to play an important part in limiting or 
preventing the accidents responsible for these 
injuries. His scope of action is normally an in- 
direct one, dependent on advice to the management 
about the conditions of work in the factory and on 
the personal qualities of the workers, but we shall 
see that it may be of considerably greater importance 
than anything that can be effected by mechanical 
improvements such as the better safeguarding of 
moving machinery. This side of accident pre- 
vention is the province of the engineer and does not 
concern the medical officer, but many of the duties 
commonly assigned to ‘ safety ’ engineers relate to 
the psychology of the workers and should therefore 
be of interest to the medical officer. 

Before describing the influence of various con- 
ditions on accident causation it will be well to quote 
some statistical information about the frequency of 
accidents of various types, for it is only in this way 
that we shall be able to grasp the magnitude of the 
problem. For the information adduced we are 
chiefly indebted to the invaluable data published 
every year in the Reports of the Chief Inspector of 
Factories. 


Frequency of Accidents 


Table 1 is taken from the Annual -Report of 
H.M. Chief Inspector for the year 1943.* 


TABLE 1 


ALL REPORTABLE ACCIDENTS 





Nl 
| Adult | Adult | Male 


Year | young 
| males | females persons 


. | 134,752 | 14,626 | 22,922 

. | 173,228 | 23,766 | 26,492 
| 191,343 | 42,857 | 27,757 
| 203,865 | 71,244 | 29,028 

1943... .. | 200,651 | 73,065 | 27,623 

Per cent. in- | 

crease of 1943 | 

over 1938 .. | 49 


Female 
young 
persons 





1938 
1940 
1941 
1942 


7,803 
8,493 
9,341 
10,493 
9,805 








Bete Be 26 
| . 


Published October, 1944, 





It relates to all reportable accidents, both fatal 
and non-fatal, i.e. to ‘compensation’ accidents, 
such compensation being payable only for accidents 
causing at least three full days’ absence from work. 
It will be seen that between 1938 and 1943 the acci- 
dents to adult males increased by 49 per cent., but 
those to adult females by no less than 400 per cent. 
The tremendous increase incurred by women was 
due especially to the very much larger number 
of women employed, and also to the fact that many 
of them were not only inexperienced workers 
but had been transferred to the more dangerous 
occupations previously confined to men. This 
increase of risk is suggested by the data in Table 2 
(taken from the 1941 Report), which shows the 
approximate accident rate per 1000 employed in 
1938 and 1941. 


TABLE 2 
ACCIDENT RATE PER 1000 EMPLOYED 





Per cent. 
increase 


Adult males . a 40 25 
Adult females e 9- 90 
Male young persons .. 43: 21 
Female young persons 14- 24 


1938 1941 














It will be seen that, as compared with their pre- 
war rate, the women in 1941 experienced nearly 
twice as many accidents, whilst the other groups 
showed a very much smaller increase. The change 
in the character of the women’s work is suggested 
by a table in the 1943 Report, which showed: that 
the number of women employed on machine-making 
rose from 650 in 1938 to 23,435 in 1943, and those 
on aircraft, from 43 to 6,612. 

Young Persons. Though young persons (under 
18 years old) are usually assigned to less risky occu- 
pations than adults, they incur a relatively greater 
proportion of accidents. From the 1938 Report 
we find that between 1928 and 1938 all the young 
persons employed experienced about 8 per cent. 
more accidents, per head, than the adults. 

Young persons have the advantage of a consider- 
ably smaller fatality rate than adults. The data 
adduced from the 1934 Report (Table 3) show that 
the rate for boys was only half that for men, and 
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though it was slightly higher for girls than for 
women, the female sex, as a whole, had a rate only 
a fifteenth as great as that of the male sex. 


TABLE 3 


FATAL AND NON-FATAL ACCIDENT RATES 
PER 100,000 EMPLOYED 














Ratio of 

Fatal | pond fatal to 

accidents accidents | non-fatal 

| accidents 

Adults fmales | 20-3 3530 1 to 174 

females 1-2 | 938 1 to 782 

Young males 11-1 =| 4890 1 to 440 

persons \ females | 6 | t532 1 to 970 
| 





The fatality rate of factory workers has gradually 
dwindled during the course of the present century, 
being 31 per 100,000 men employed in 1901-1907, 
and only 16 per 100,000 in 1938 (cf. 1938 Report). 
This was due in large part to the better safeguarding 
of machinery. 

The fatality rate varies enormously in different 
industries. For instance in 1932 the ratio of fatal 
to non-fatal was 1 to 27 in workers employed on 
building construction and 1 to 73 in dock workers, 
whilst at the other extreme it was 1 to 402 in workers 
in the light metal trades and 1 to 434 in those 
engaged in metal founding. 

Minor Accidents.. In addition to compensated 
accidents industrial workers are liable to suffer 
almost innumerable minor accidents which do not 
involve much lost time but inevitably cause a good 
deal of temporary pain and discomfort. The ratio 
of uncompensated to compensated accidents varies 
greatly in different occupations, but we may perhaps 
assume that on an average the uncompensated are 
about forty times as numerous as the compensated. 
Thus at the Stanton Iron Works (1933) the 5000 
men investigated in 1923-1932 showed a ratio of 
20 to 1, at three other British works the ratio for 
9000 workers was 73 to 1, and at an American 
factory it was 48 to 1. 


Causes of Accidents 


The numerous causes of accidents are discussed 
in subsequent pages, but it is convenient to quote 


here some statistical information as it will help 
to emphasize the extreme importance of non- 
mechanical factors as compared with those due 
to machinery. The data in Table 4 relate to 
the year 1928, and it will be seen that whilst 
in all the factory accidents put together there 
were, On an average, 2,780 accidents per 100,000 
employed, the rate varied from 516 to 11,393 in the 
sample industries recorded. Of the total accidents, 
about a fifth were due to machinery moved by 
mechanical power, the remainder being due to the 
personal qualities of the employees. It follows that 
the prevention of accidents by mechanical means, 
though of great importance, cannot at best effect 
more than a very limited reduction in the number 
of accidents incurred. In 1925 Sir Gerald Bellhouse 
maintained that ‘ not more than one-third (of the 
accidents) have anything to do with machinery 
whatever, and out of that third we estimate at the 
Home Office that a third would be prevented by 
the provision of physical safeguards.’ An actual 
investigation of 3000 consecutive accidents * gave a 
still lower proportion, for it appeared that four- 
fifths of them were non-mechanical, and that of the 
mechanical accidents less than half could have been 
prevented by the most complete provision of 
safeguards. 

Of the non-mechanical causes, ‘ Handling goods 
in manufacture ’ was easily the commonest cause of 
accident, whilst each of the other three causes 
designated was responsible for about half the 
number of accidents. The relative proportions of 
these four chief causes naturally differed very greatly 
in various industries. 


Personal Factors in Accident Causation 

Age and Experience. Perhaps the most important 
factors of all in accident causation relate to the age 
and experience of the workers. Usually the two 
factors are so closely bound together that it is 
impossible to disentangle them. Most manual 
workers begin their factory experience shortly after 
leaving school at the age of 14, though they fre- 
quently move from one industry to another at later 
ages. Stilt, we cannot easily get clear-cut statistics 





* Industr. Welfare, 1926, p. 169. 


TABLE 4 


FACTORY ACCIDENTS PER 100,000 PERSONS EMPLOYED (1928) 

















| 
| og Metal Machine- | : 
: All Munitions : | Wearing 
- ‘ t tool- 
Cause of accident | industries of war ame | yore | apparel 
| 
Machinery moved by mechanical power .. | 569 2,230 1,023 | 1,458 | 219 
Non-mechanical— 
Handling goods in manufacture .. oe | 596 2,457 2,817 | 830 | 50 
Persons falling 25 Ss - vs 317 1,283 992 | 215 51 
Struck by falling body ef 3 Jou 318 1,693 1,168 | = an 12 
Use of hand tools .. a ee as 288 1,274 836 506 | 97 
| 
All causes, including others than those | | 
mentioned os ar re - 2,780 11,393 8,984 | 4,262 516 
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about inexperienced workers who have entered 
industry for the first time at later ages, except in 
war-time and, as previously mentioned, the informa- 
tion then available is complicated by the fact that 
many of the workers have beeen allotted to more 
dangerous occupations than those usually followed 
in peace-time. 

If we for the time being ignore the effects of age 
as distinct from experience, we have plenty of 
striking information, and none better than that 
provided by the Factory Department. In the 
Annual Report for 1937 Bennett illustrates his 
article with two charts, one of which is here repro- 
duced (fig. 1). It will be seen that in the first half- 
year worked by the boys and girls (in a group of 65 
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Fic. 1.—Relationship of accidents incurred by 


young persons to years of experience. 


factories) about 50 per cent. suffered an accident. 
In the next half-year the proportion fell to 23 per 
cent. and, after two years’ experience, to about 
3 per cent. A detailed analysis showed that in 
44 per cent. of all the accidents the young worker 
was to be held responsible, and in 36 per cent. of 
them the responsibility was on the firm. In the 
remaining 20 per cent. no blame could be attached 
to either party. 

A great reduction of accidents can be effected by 
preliminary training and supervision. At one firm, 
for instance, all boys applying for employment were 
carefully selected, and the boys were passed through 
the works school where their attention was focussed 
on tidiness, suitable clothing, machines and their 
dangers, adjustment of guards, shafting and _ its 
dangers, etc. Asa result, the accidents to the boys 
were nearly halved between 1936 and 1937. At 
another firm a series of lectures was held, and the 
young persons were given personal instruction with 
regard to the proper use of lathes, drills, milling 
machines, etc., whilst tours of the works were 
arranged in order to show the risks in special classes 


2nd day to 

Ist day end of week 
Men .. ae ae ae ys 13 
Women ee es Ae 252 33 
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of machines. Also each apprentice was given a 
booklet containing safety hints. 

Unfortunately, as Bennett emphasizes, such 
training schemes as those mentioned are not common 
in our factories, and it is distressing to find that so 
many accidents to juveniles can clearly be attributed 
to lack of training and supervision or to unsuitable 
training having regard to the dangerous nature of 
the work. An outstanding instance of such lack of 
training is provided by Chaney and Hanna (1918). 
It relates to persons engaged on stamping presses, 
and from the data adduced we see that on the first 
day the women incurred about eight times as many 
accidents as they did per day during the rest of the 
week, and 770 times as many accidents as they did 
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Fic. 2.—Accident frequency of coal miners in 
relation to age 


per day after six months’ experience. The men’s 
liability varied on similar lines, though not to so 
striking an extent. 

In some cases it is possible to infer, to some 
extent, the different effects of age and experience, as 
in the observations made by Vernon, Bedford and 
Warner (1928 and 1931) on the compensation acci- 
dents incurred by over 18,000 coal miners during 
two two-year periods. The results obtained with 
coal-face workers are shown in fig. 2, and it will be 
seen that the accident rate (per 1000 men per year) 
fell considerably with age until the men were 
30-39 years old, and that in subsequent years they 
rapidly increased with age. This increase must 
have been due to the fatiguing effects of the very 
arduous work on the men, which more than 
neutralized the favouringeffects of greater experience. 

It is a matter of common knowledge that young 
people tend to be more irresponsible and careless 
than older people; also they get tired more quickly, 
but it is almost impossible to estimate the relative 
importance of these factors as contrasted with those 
of increased experience and skill. 


7th month to 
end of year 
3 0:8 0-2 

+ 0-7 0-3 


2nd week to 2nd month to 
end of month — end of 6 months 
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It must be remembered that workers who have 
substantiaJly reduced their accident rate in one 
occupation as the result of experience have no 
similar degree of immunity if they change to another 
occupation. The risks incurred are generally of a 
different kind, and the worker may have to pass 
through another period of ‘ trial and error,’ though 
his previous experience of factory life in general will 
be of value. 

General Health. Liability to incur accidents is 
influenced by the general state of health of the 
workers. For instance, Newbold (1926) found that 
in the various factories studied by her there was a 
distinct relationship between accident frequency 
and the number of minor sicknesses from headache, 
colds, sore throat, indigestion, faintness, etc., treated 
at the ambulance room. This relationship is shown 
graphically in fig. 3, which relates to a group of 352 
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Fic. 3.—Relationship between accidents incurred by 
metal workers and sickness visits to ambulance room 


men working in the metal departments of a motor 
car factory. During a 6-month period they in- 
curred 1330 accidents in all, and the graph shows 
that whilst the men who did not visit the ambulance 
room for sickness at any time suffered two accidents, 
on an average, those who paid one or two visits 
suffered three or four accidents, those who paid 
three to five visits suffered about five accidents, and 
those who paid eight or ten visits suffered about 
eight accidents. The data seemed to be rather an 
indication of ‘tendency to report sickness’ or of 
disinclination to work, than of ‘ tendency to be sick.’ 
They appeared to indicate lower general health and 
vitality. 

The Chief Inspector of Factories (1942) states that 
welfare departments have often noted the close 
connection between sickness and accident rates, 
and he points out that this is an additional reason 
for more adequate medical supervision. 

Accident Proneness. It is well known that some 
persons are habitually clumsy with their hands, and 
frequently break the articles they handle, i.e. they 
have accidents with them. Also they often incur 
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minor injuries such as cuts and scratches on their 
hands. In other words, they are accident-prone. 
This condition was first studied scientifically by 
Greenwood and Woods (1919), who investigated the 
frequency with which accidents were incurred in 
groups of women engaged on various operations 
required in the manufacture of shells. Though all 
the women in each group were exposed to a similar 
degree of risk, it was found that whilst many of 
them experienced no accidents at all, others had 
many more accidents than could be accounted for 
by chance. For instance, in a group of 648 women 
448 of them in a given period incurred no accidents, 
132 incurred one accident, 42 incurred two acci- 
dents, and 26 incurred three to five accidents. It 
was shown by mathematical analysis that if the 
accidents had been distributed by simple chance only 
eight of the women would have incurred these 
multiple accidents, so the excess was due to some 
other factor. No estimate was made of the state 
of health of the women, and no doubt this con- 
dition may have been responsible for some of the 
accidents, but an extension of the observations on 
a large scale by other investigators has proved that 
the state of accident proneness genuinely exists in 
many perfectly healthy persons. 

In this country Farmer and Chambers (1926, 1929 
and 1939) and Farmer, Chambers and Kirk (1933) 
have for many years been investigating the condition 
of accident proneness with a view to finding some 
test or tests which would serve as a means of identi- 
fying the affected persons in groups of industrial 
workers. They found that the probable number of 
such persons ranges from about 10 to 25 per cent. 
of the total.* In order to obtain reliable informa- 
tion, they chose large groups of subjects whose age 
and experience were similar, and of whom adequate 
accident records could be obtained for a number of 
years. These subjects were for the most part 
apprentices of the Royal Air Force and Dockyards, 
and in a group of 600 of them it was found that 
the 25 per cent. who did worst at the ‘ aestheto- 
kinetic ’ tests employed (which involved rapid hand 
and eye co-ordination) the accident rate was double 
that of the remaining 75 per cent. Later on 1700 
subjects were tested in the same way and gave a 
similar result, but tests on qualities such as 
mechanical aptitude and linguistic intelligence did 
not show such a close relationship with accident 
proneness. When the aesthetokinetic tests were 
applied to other groups of men besides those 
mentioned they gave a similar result in so far as 
the men were skilled workers, but unskilled workers 
did not show any relation between accident rate and 
the tests. This was probably because their occu- 
pations were less dependent on rapid and accurate 
co-ordination. 

An analysis of the accident records of some 
14,000 workers in various trades showed that in 
most of them those who had an undue number of 





* Cf. Emergency Rep. No. 3, Industr. Hlth. Res. Bd. 1942 : The 
Personal Factor in Accidents. 
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minor accidents also had an undue number of 
major accidents. Now in some occupations the 
risk of a major accident is much greater than in 
others, so it would be well to keep such workers as 
were known to be accident-prone in occupations 
where they could not incur more than minor acci- 
dents. Unfortunately very few firms subject their 
new employees to psychological tests before assign- 
ing them to one occupation or another, but in the 
absence of such tests it would be possible to sift 
them roughly by putting them, for a time, on 
occupations free from major risks, and only after 
they had shown themselves to be reasonably free 
from accident proneness, to transfer them to more 
dangerous occupations. Best of all would it be to 
use the psychological tests on all new entrants into 
industry, and to keep a subsequent look out for 
signs of accident proneness in the selected workers. 
Thus, the tests do not afford an absolutely reliable 
criterion, but only a probable indication. 

The identification of accident-prone persons is 
especially important in relation to motor driving, 
and numbers of observations on the responses of 
drivers to psychological tests have been made. In 
an investigation on 2300 men employed in driving 
cars on the Boston elevated railway, Slocombe and 
Brakeman (1930) found that 20 per cent. of the men 
had an accident rate three and a half times greater 
than the remainder. When samples of these men 
were given psychological tests it was found that the 
high-accident men had a poor test score four times 
more frequently than the low-accident men. 

Accident proneness is greatly influenced by the 
mental attitude of the subjects. The accident- 
prone are apt to be insubordinate, temperamentally 
excitable and to show a tendency to get flustered in 
an emergency. These and other defects of per- 
sonality indicate a lack of aptitude on the part of 
the subjects for their occupation. 


Factory Conditions 


Factory workers are inevitably dependent on the 
management for the conditions under which they 
have to work, and if these conditions are such as to 
place an undue strain upon their physical or mental 
powers, they react by suffering an increase of acci- 
dents. Fatigue is normally the most potent cause 
of excessive accidents, and this fatigue is generally 
due to the hours of labour being too long. Hence 
we may conveniently study fatigue and hours of 
work in conjunction. 

Hours of Work and Fatigue. We sometimes hear 
of fatal accidents due to motor drivers who have 
been called upon to drive long distances for many 
hours on end, and make the return journey after a 
totally insufficient interval of sleep. These cases of 
extreme fatigue are exceptional, but it follows that 
smaller degrees of fatigue are likely to increase acci- 
dents in some degree. Investigations on industrial 
workers have shown that such an increase happens 
very frequently, and the excessive hours of work 
which were imposed during the last war, and to a 
less extent in the present one, afford striking proof 
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of the influence of hours of work on accidents. 
Vernon (1918) made a detailed investigation at 
several munition factories, and especially at a 
factory where the majority of the 10,000 workers 
were engaged in making fuzes. At first they were 
on a 12-hour day and 75-hour week, but later on 
they were changed over to a 10-hour day. About 
70 per cent. of all the accidents incurred consisted 
of cuts, and as the workers usually got them dressed 
immediately after they suffered them, they afforded 
a reliable index of the times of accident incidence. 
A comparison of the accident frequency per shift 
during the two systems of hours gave the following 
results: 


Relative accident 
frequency per 


Percentage of after- 
noon accidents on 


shift morning accidents 

Men Women Men Women 
12-hour day .. 114 273 107 145 
10-hour day .. 100 100 108 117 


It will be seen that in the men the accident frequency 
was only 14 per cent. greater during the 12-hour 
day than during the 10-hour day, and if allowance 
is made for the longer hours worked the rate per 
hour was slightly smaller. Among the women, 
however, the accidents were nearly three times as 
numerous during the 12-hour day as they were 
subsequently, or more than twice as numerous if 
allowance is made for the longer hours worked. 

The right half of the table gives a comparison of 
the accident rate in the afternoon, when the workers 
were no longer fresh, with that observed in the 
morning, and we see that during the 12-hour day 
period the men’s rate increased 7 per cent., whilst 
that of the women increased 45 per cent. In the 
10-hour day period, however, the afternoon increase 
shown by the women did not greatly exceed that 
shown by the men. Hence these data, taken as a 
whole, suggest that the men suffered little from over- 
fatigue during the 12-hour day, whilst the women 
were greatly affected. Medical evidence obtained 
from the records of the ambulance room empha- 
sized this reaction of the women, for it appeared 
that during the 12-hour day the women were treated 
for faintness nine times more frequently than the 
men, and were given sal-volatile twenty-three times 
more frequently. When the working hours were 
reduced to 10 a day the number of cases fell off 
greatly, and the women were treated only about 
three times more frequently than the men. 

It has been known for a long time that there is 
usually a gradual increase of accidents during the 
course of the work spells, and this increase has 
often been ascribed to the effects of fatigue. The 
fuze factory accidents afforded a specially favourable 
opportunity for testing this view, because accident 
rates were obtainable when the workers were on 
night shift as well as on day shift. Fig. 4 shows 
the variations in the ‘accident rate from hour to 
hour of day and night. It will be seen that during 
the 12-hour day the women’s accidents underwent a 
fivefold rise in the course of the morning work 
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spell, and kept very high during the afternoon work 
spell. During the 10-hour day, however, there was 
only a threefold rise, and the afternoon accident 
rate was only half as great as it was in the 12-hour 
day. The men, on the other hand, showed only a 
twofold rise during the morning spell, both in the 
12-hour and the 10-hour day, and in the afternoon 
spell their accident rate under the two systems of 
hours likewise corresponded roughly. 

How much of the morning rise of accidents in 
the men and women was due to fatigue, and how 
much to other factors? The night shift accidents 
appeared at first sight to indicate that it was not 
due to fatigue at all. These night accidents were 
incurred by the same groups of men and women, 
for they worked alternate fortnights of day and 
night shift (103 hours by night), and it will be seen 
that in both sexes the accidents were at a maximum 
when they started work, and gradually diminished 
down to a minimum as the night wore through. 
The apparent contradiction with the day shift is 
attributed to the mental state of the workers. When 
on night shift they usually got up three or four 
hours before they were due at the factory, and often 
spent these hours in shopping or amusements. 





Consequently they came to the factory in a lively 
state, but they gradually calmed down during the 
course of the night as they had nothing but an un- 
exhilarating breakfast and bed to look forward to. 
They therefore became more and more attentive to 
their work, and less liable to accidents. The day 
shift, on the other hand, got up as late as possible, 
and after a hurried breakfast (or none at all), they 
arrived at the factory in a depressed condition. 
However, they brightened up gradually in the course 
of the morning, as they generally got a cup. of tea, 
and they had their dinner break to look forward to. 
In consequence, they became less attentive to their 
work and accidents multiplied. It will be noted 
that the relative increase of accidents by day was 
more marked than the decrease by night, owing to 
fatigue augmenting the effect of the mental con- 
dition of the workers in the one case, and acting in 
the reverse manner in the other case. 

This apparently contradictory result for day and 
night shifts has been observed at other factories, 
and it serves to emphasize the important influence 
which the mental state of the workers exerts on 
their accident liability. We know that what is 
commonly spoken of as carelessness is a frequent 











cause of accidents, but it must be borne in mind 
that the degree of care and attention exercised when 
carrying on an occupation is relative and not abso- 
lute. No one can concentrate his maximal degree 
of mental energy on a task for more than a very 
short period. Moderate concentration is possible 
for a much longer time, but almost inevitably the 
attention fluctuates, especially in workers engaged 
on monotonous repetition work, and the greater the 
fatigue the less their alertness. 

Atmospheric Conditions. The atmospheric con- 
ditions under which workers have to carry on 
their labours may have a considerable influence 
on accident frequency. For instance, Osborne 
and Vernon (1922) found that in munition factories 
(for fuzes and shells) the minor accidents incurred 
were relatively frequent at low temperatures, but 
with rise of temperature they gradually sank till 
they reached a minimum at 65°-69°. Then they 
rose again more and more with further rise of 
temperature, as can be seen in fig. 5. The explana- 
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tion appears to be due to the fact that at low 
temperatures the hands of the workers lose some of 
their dexterity because they get numb owing to 
contact with the metal objects manufactured and 
with the stream of soapy water in which most lathe- 
produced articles are turned. At high tempera- 
tures, on the other hand, the workers tend to get 
more inattentive and more easily fatigued. 

The effects of high temperatures on accident 
liability were even better shown in the observations 
of Vernon, Bedford and Warner (1928 and 1931) 
on coal miners. Data were obtained at tempera- 
tures ranging from a minimum of 61-5° (d.b.) and 
60:0° (w.b.) to a maximum of 85-4° (d.b.) and 
75-7° (w.b.), and the averages showed that at a dry 
bulb temperature of 82-8° the coal-face workers 
suffered 30-77 per cent. more accidents than 
at 63-9°. 


Mean Accident frequency per 


Temperature tempera- million hours worked 
range ture 
1924-25 1927-28 
Under 70 is 63-9 104 133 
70° to 79 iG TTS 144 144 
80° or more he 82:8 184 173 
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These data are the averages of the thousands of 
compensation accidents suffered by the miners, and 
their periods of disablement ranged from a few days 
to many months. When the accidents were classi- 
fied according as the period of compensation was 
(a) under 10 days, (6) from 10 to 19 days, and 
(c) for 20 or more days, it was found that the 
relative frequency rates observed at various tempera- 
tures showed very striking differences. The fre- 
quency of the accidents causing less than 10 days’ 
disablement rose very rapidly with temperature and 
was three or four times greater at the highest 
temperatures than at the lowest. The more severe 
accidents, causing 10-19 days’ disablement, rose 
much less rapidly, whilst the severe accidents, 
causing 20 or more days’ disablement, were only 
27 per cent. more numerous at the highest tempera- 
tures. That is to say, the decision of an injured 
miner to go on to compensation was influenced by 
considerations other than those dependent on the 
plain facts of incurring an injury and recovering 
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AGE OF MEN 


Fic. 6.—Relative accident frequency of coal miners 
in relation to age and temperature of mine 


from it. A man who receives a severe injury is 
bound to go on to compensation whatever the 
temperature, but if he receives a minor injury he in 
any case gets no compensation for the first three 
days, and at the end of that time his decision is 
largely influenced by his recollection of the con- 
ditions under which he was working. If they were 
unpleasantly hot and induced extra fatigue he may 
decide to take a few days more away from work in 
which to recuperate, and he consequently goes on 
to compensation. 

High temperatures were much more fatiguing to 
the older men than to the younger men, as is indi- 
cated in fig. 6. We see that in men working at 
temperatures below 70° there was very little varia- 
tion of accident liability with age, and only men of 
50 years and upwards showed a slight increase. At 
temperatures over 70°, however, the men reached 
their minimum at the ages of 30-39, and showed a 
marked increase as they got older. 

Comfortable atmospheric conditions, with a low 
accident liability, depend not only on the dry and 
wet bulb temperature, but on the degree of air 
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movement. For most industrial work this should 
be moderate, but the more arduous the work the 
greater the requisite degree of movement. 

Lighting. Defective lighting, whether artificial or 
natural, may have a considerable influence on 
accident liability, though it is difficult to obtain 
clear-cut evidence of the effect. For instance, the 
Departmental Committee on Lighting in Factories 
(1915) showed that in a number of industries, and 
especially in shipyards and docks, accidents were 
more numerous in the winter than in the summer, 
with intermediate rates in spring and autumn. The 
variations were attributed largely to the degrees of 
artificial and natural lighting to which the workers 
were exposed at different times of the year, but they 
must also have been influenced, to an unknown 
extent, by temperature variations. 

The standards of lighting required by the statutory 
regulations now in force have specific reference to 
the safety of the workers, and in consequence, as 
Weston (1944) points out, the better the conditions 
of factory lighting, up to the point of maximum 
efficiency of vision, the better the insurance against 
accidents. 


Psychology of Accident Prevention 

We have seen that accident prevention is mainly 
a personal problem, and it depends on the creation 
of habits, both conscious and unconscious, which 
conduce to the avoidance of unnecessary risks. No 
one can possibly keep himself always at the 
maximum degree of alertness and attention, and it 
inevitably follows that when attention relaxes 
liability to accident increases. Everyone should 
therefore endeavour to acquire the habit of in- 
creasing his alertness at times when specially 
exposed to risk, and this habit is best acquired by 
long continued education. It is sometimes main- 
tained that the encouragement of a safety habit of 
mind is likely to lead to cowardice and over-anxiety, 
but this should only happen if the habit is developed 
on the wrong lines. It is usually possible to dis- 
tinguish between legitimate risks and mere fool- 
hardiness, and to instruct young persons in such a 
way that they are able to decide for themselves to 
which class a given accident risk belongs. For 
instance, by systematic instruction the number of 
children killed in road accidents in London was 
kept down almost to a steady rate from 1924 
onwards till the war, though it greatly increased in 
Britain as a whole, owing to neglect of well- 
organized instruction. 

We have seen that young persons who, after 
leaving school at the age of 14, for the most part 
pass straight into various forms of industrial work, 
are at once exposed to a number of new risks of 
which they are totally ignorant. If not specially 
instructed, they take years to acquire the necessary 
experience which teaches them how to avoid these 
risks. Hence it is most desirable that they should 
have a special course of safety instruction before 
they are subjected to them. Almost inevitably the 
character of their occupation changes as they get 


older, and they are therefore subjected to fresh and 
hitherto unknown risks. It is true that they have 
already acquired some general knowledge about 
their avoidance, but this is not enough. They must 
be further educated, and moreover, be continually 
educated, so that they may not forget the lessons 
already learnt. 

The instruction of the workers generally takes the 
form of a ‘safety campaign,’ or a ‘safety first 
movement,’ as it was formerly designated. A 
scheme was introduced in this country by the late 
Lord Leverhulme as long ago as 1892, and various 
plans have been urged by factory inspectors for 
many years past. Owing to the special liability 
likely to be incurred by fresh and inexperienced 
workers during the war, the Factory Department 
has made a new departure (cf. the 1940 Report), 
and has secured the practical assistance of the Royal 
Society for the Prevention of Accidents. Their 
scheme includes the provision, free of charge, to all 
occupiers of considerable factories of printed and 
pictorial matter designed to educate and influence 
management and workers alike. The managerial 
staffs receive a monthly bulletin, and the workers, 
weekly posters, both drawing attention to specific 
hazards and aiming to cultivate the sense of personal 
alertness and responsibility. In the first instance 
about 5000 factories were served, and the heads of 
Technical Schools, Government Training Centres 
and Juvenile Instruction Centres also participate. 
As the Chief Inspector insists, it is a fundamental 
part of the campaign that managements must co- 
operate actively in making use of it. The mere 
affixing of pictorial posters will of itself accomplish 
comparatively little. In addition, a works accident 
prevention committee ought to be set up and a 
safety officer appointed, who will devote the whole 
or part of his time to stimulating and controlling 
the activities of the committee. The committee 
must not only be supported by the firm, but the 
workers themselves ought to be directly represented 
on it. 

Other war-time innovations (cf. 1942 Report) 
consist in the production of safety films both by the 
government and by private firms. Courses of 
lectures for safety officers have been held at Oxford, 
and there has been an increased activity of the local 
safety committees in many areas, especially in large 
centres such as Manchester and Birmingham. 
Again, lectures are being given to those actually 
working on the floor of the factory, and other 
lectures to workpeople who are being trained as 
foremen. At one large government factory engaged 
mainly on engineering work continuous series of 
lectures were given during 1942 to new women 
entrants. The women were given a preliminary 
training course of four days, and the district staff 
of the Factory Department gave one of the lectures. 
The accident figures show a striking result, the 
frequency rate of accidents to women who have 
attended the lectures being less than half the rate 
for those who have not attended. 

In the coal-mining industry a safety campaign 





was instituted in 1922. It is run on somewhat 
similar lines to that in factories, but the colliery 
manager has a much more difficult problem than 
the average factory manager. He is waging a con- 
tinuous war against nature. He may have to fight 
gas, water, a bad roof, spontaneous combustion and 
other dangers over the source of which he has little 
control. Nevertheless the inspectors of mines 
maintain that between 30 and 40 per cent. of the 
fatal accidents, and 50 per cent. of the non-fatal 
accidents, are preventable. Unfortunately super- 
vision of the miners is very difficult, and the safety 
movement does not seem to have been adopted with 
much enthusiasm. 


Frequency Rates and Severity Rates 


In order to be able to compare the accident fre- 
quency observed in various factories it is important 
that the rates should be calculated on the same plan, 
and be in terms of the number of hours worked, or 
the hours of ‘ exposure to risk.” In America and many 
other countries the standard frequency rate is calcu- 
lated for a million hours of exposure. This may yield 
an inconveniently large figure in some industries, and 
in this country the Factory Department now calcu- 
lates the rate for 100,000 hours of exposure. 
Another source of error arises from the choice of 
the class of accidents to be included. Should all 
the minor accidents be taken account of, even if 
they involve a visit of only a few minutes’ duration 
to the ambulance room? The Chief Inspector 
(1942 Report) requests that the standard adopted 
by the International Labour Office be kept to 
strictly, viz., all accidents causing loss of time beyond 
the day or shift on which the accident occurred. 

Accidents vary considerably in severity in different 
industries. For instance, mining and quarrying 
accidents are, on the whole, two to four times more 
severe—as judged by disability—than factory acci- 
dents. As we wish to be informed of the actual 
working time lost, it is desirable to calculate the 
accidents in terms of severity rates as well as of 
frequency rates. The rate usually chosen is the 
number of days lost per 1000 hours of exposure to 
risk. The information from which frequency and 
severity rates are calculated should be recorded on 
the ‘sickness absence’ cards in accordance with 
the scheme promulgated by the Industrial Health 
Research Board (1944). 

The reports of the Factory Department often 
record statistical data showing the effects of safety 
organizations on accident rates. For instance the 
1931 report quotes the following figures obtained at 
an iron works (the frequency rates being per million 
hours worked): 

1927 1928 1929 1930 1931 


Frequency rate 96:9 92:7 78:5 748 608 
Severity rate ~ oe 2°5 233 1-9 1-4 


Though factory inspectors do all they can to 
stimulate the safety movement, safety campaigns 
appear to have been adopted by only a small 
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minority of the industrial firms in this country. Of 
the large firms, with over 1000 employees, only 1 in 
5 were (in 1934) members of the National Safety 
First Association (now the Royal Society for the 
Prevention of Accidents), whilst of the smaller 
firms, with 26 to 1000 employees, only 1 in 200 
were members. 


Protection of the Body 


In addition to protecting machinery by proper 
safeguards, the worker himself ought to receive 
protection by suitable clothing for his body, and 
(in many cases) by goggles for his eyes. The 
management is to a large extent responsible for 
seeing that the clothing worn is appropriate, but 
the worker has to play a part, and not evade the 
regulations laid down. Loose clothing is apt to 
get caught in moving machinery, and, in the case of 
women workers, the hair may get caught unless it 
is confined by a proper cap. A _ well-illustrated 
pamphlet on protective clothing has been published 
by the Factory Department (1940). This includes 
information about the special protection of the face, 
hands and arms, and feet and legs, necessary in 
certain industries. 

In many industries protection of the eyes is more 
important than the protection of all the other 
portions of the body taken together. It is stated 
by Cridland (1929) that in this country about 10 per 
cent. of all cases of blindness are due to accidents, 
most of which are incurred in industry, and 
American statistics show that 13-5 per cent. of all 
cases of blindness are due to accidents. The success 
of safety measures in reducing eye accidents is 
shown by the statistics of the United States Steel 
Corporation (J. industr. Hyg., 1925, 7, 36). The 
firm provided 44,000 pair of goggles, or about one 
pair for every five or six men employed, and as 
a result the eye accidents were reduced nearly 
60 per cent. 
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Pneumatic or ‘ wind-driven ’ tools were first used 
in French mines as early as 1839 but they were not 
used extensively in other industries until 1883. 
Now they are used in many industries and for 
many purposes. The tools, which vary in weight 
from 3 to 30 lb., are made up of (1) a distribution 
box supplied with compressed air; (2) a recipro- 
cating piston; and (3) the tool proper (fig. 1). 
The compressed air acts alternately at each end of 
the piston and thus produces a vibratory effect. 
Pneumatic drills work similarly but they have an 
additional mechanism which translates the recipro- 
cating movement into a rotatory one. The speed 
of the piston in the different types of tool varies 
from 250 to 6000 strokes per minute, In general 
the heavier the tool the slower the vibration rate. 
The weights and vibration rates of the tools used 
for various purposes are given in Table 1. It will 
be seen that heavy tools are used in mines, quarries 
and in road-making. In shipbuilding and repairing 
and in boiler shops medium-sized tools are used for 
hot riveting, cold copper staying and caulking. 
Similar tools with a rotatory movement are used 
for drilling. In foundries medium-sized tools with 
a chisel end are used for dressing or fettling metal 
castings, and tools of comparable weight are used 
by stonemasons for dressing stone. Much lighter 
pneumatic tools are used in the motor and aircraft 
industries and for riveting tanks and cisterns. Light 
tools, about 4 Ib. in weight, are used in the scaling 





of boiler tubes. Heavy tools such as rivet cutters 
are mounted on supports but in most instances the 
worker holds the tool with both hands ; he sup- 
ports it with the left hand and holds the trigger 
with the right (fig. 2). A glove is worn on the left 
hand to protect it from the heat engendered by the 
friction set up by the movement of the piston and 
chisel, but as a rule no glove is worn on the right 
hand. If the tool is working well air only escapes 
through the exhaust, which can be directed away 
from the man’s hands. Sometimes, however, there 
is a leak and the right hand is exposed to a stream 
of cold air. In order to get into awkward corners 
the position of the hands is reversed—‘ right and 
left ’ as it is called in the shipbuilding trade. 


I. White Fingers 


Workers, who use pneumatic tools, suffer from 
vascular disturbances which produce a local anaemia 
or pallor of the fingers, making them stiff and 
awkward and in severe cases the symptoms may 
prevent the men from working or cause them to 
seek other employment. It must be remembered 
that many occupations involving the use of pneu- 
matic tools are carried on out-of-doors and this 
phenomenon of * white fingers” must be clearly 
differentiated from the effects which cold weather 
would have on the fingers of any normal individual. 
Characteristic ‘ white fingers’ or ‘dead hand’ of 





Fic. 1.—Cross-section of a pneumatic riveting hammer, showing (1) the handle; (2) the exhaust deflector adjustable 
to any radial position; (3) locking ring surrounding the cylinder and preventing handle from unscrewing or 
loosening; (4) heat treated steel cylinder threaded into handle; (5) throttle valve heat-treated to resist wear 
and operating in a replaceable steel bushing; (6) hollow cylindrical valve; (7) heat-treated steel piston; (8) spring 
clip set retainer. The areas with the white arrows indicate two of the four ports which carry the cooling 
currents of exhaust air down the length of the cylinder to its nose end and out past the rivet set head. 
(By courtesy of the Consolidated Pneumatic Tool Co., Ltd.) 
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TABLE 1 
! ! 
Industry Purposes | a tool | Rate of vibration Number of men 
| (Ib.) | strokes per minute examined 
Mines, quarries, road-making.. | Breaking stones and | 30-75 1000-1800 0 
|} rocks | 

Shipbuilding . | Riveting a 11-20 1100-2900 36 
| Holder-up . | 34—COCY 1000 35 

| Caulking 7-14 | 2000-3500 21 

| Drilling 15 — 12 

Boiler shop .. | Hot riveting .. 18-20 1500 13 
| Cold riveting .. 11-14 2000-3000 19 

| Holder-up 34 1000 2 

Caulking 11-14 2500-3000 11 

| Scaling 4-5 5500-6500 12 

| Rivet cutter 32 950 1 

Foundries wit ae fs | Fettling : 124 2500-3000 108 
Tank and cistern making . | Grinding oe ee 15 _ ; 1 
| Riveting and caulking 74 8000 | 7 

Riveting and caulking 74 2000S! 3 

Riveting wal 11} 3900 | 4 

| Drilling | 15 | — | 1 
| | Total 286 





pneumatic tool workers are mostly confined to the 
left hand in right-handed workers and to the right 
hand in left-handed workers. In the series of cases 
of the investigation described later 3 left-handed 
riveters and 2 left-handed fettlers were found. The 
hand which holds the tool bears the brunt of the 
vibration. Sometimes the men rest the tool, mostly 
on the middle, ring and little fingers, and use the index 
finger and thumb as guide. In these circumstances 
it is found that the index finger and thumb escape. 
When symptoms are severe the men have to stop 


Fic. 2.—Illustrates how riveter holds tool. 


work and they find that by rubbing or warming the 
fingers the sensation returns after periods ranging 
from a quarter of an hour to two hours. There are 
no stages of hyperaemia or cyanosis such as occur in 
Raynaud’s disease. The symptoms are most pro- 
nounced and certainly aggravated by cold weather 
and by washing the hands in cold water, but they 
have been seen to occur on a hot day in mid-summer. 
When the syndrome of ‘ white fingers’ has been 
established it tends to recur on exposure to cold for 
some years after the worker has stopped using 
pneumatic tools. 

Case histories of four men from the group 
examined in this investigation are given to demon- 
strate certain aspects of the syndrome. 


Case 1. An example of a man who had to stop using 
pneumatic tools. 

A. B., aged 40. 124 years before examination, he 
started work as a copper stayer using a hammer weighing 
12} lb. with a frequency of 2300 vibrations a minute. He 
also wore a glove on the left hand. After he had been 
working for 2 years he noticed his fingers would go white. 





Fic. 3.—Riveters at work. 
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The first one involved was the index finger on the left 
hand: the whiteness was associated with paraesthesiae. 
Gradually the right hand became involved and soon all 
the fingers on both hands would go white. He found the 
hands very awkward to use and had difficulty in doing 
up buttons. If often took two hours for the sensation 
to return. At the start the syndrome occurred only in 
winter, but after 4 years it occurred in summer as well. 
After 64 years’ work with the hammer he had to give up 
this work on account of the symptoms, and is now 
working as a labourer in the boiler shop. 


Case 2. An example of a young caulker with the 
fully —— syndrome. 

C., aged 29. For 14 years he had worked as a 
caulker with a tool having a vibration frequency of 
2850 per minute, and weighing 11} Ib. After he had 
used the caulking chisel for 4 years he started to have 
white numb fingers: first the left index finger and then 
spreading to involve all the fingers. The syndrome 
usually appeared soon after he started work, but it some- 
times occurred on Sundays when he was not working. 
After warming or rubbing for 15 minutes the circulation 
returned. After he was questioned, he washed his hands 
in cold water on a hot August afternoon and it was 
observed that all his fingers went completely white with 
a sharp line of demarcation where they joined the hand. 
Sensation to pin prick and light touch was much im- 
paired in these fingers. The phenomenon took 15 
minutes to disappear. 


Case 3. An example of a left-handed riveter with the 
syndrome in the right hand only. 

A. S., aged 31. For 16 years he had been a riveter, 
using a hammer with a vibration frequency of 1400 per 
minute and weighing 193 Ib. He was left-handed. 
After he had been at the work for 7 years he noticed 
that after starting work the index and third finger of his 
right hand, that is the one that supported the tool, went 
white and developed pins and needles. These pheno- 
mena would pass away after rubbing or warming for 
10 minutes. 


Case 4. An example of a fettler with Dupuytren’s 
contracture and the ‘white finger’ syndrome only 
slightly present. 

E., aged 47. For 18 years he had worked as a 
fettler, using a chisel with a vibration frequency of 
2650 per minute, and weighing 12} lb. He complained 
of having cold hands during the winter, but had never 
had any numbness or deadness of the fingers. On 
examination he had Dupuytren’s contracture of the right 
palmar aponeurosis, and the skin of the right hand was 
colder than the left. There was a sharply demarcated 
area of cold skin of the right hand which appeared to be 
limited by a straight line round the wrist, with the 
exception of an area of warm skin extending on to the 
dorsum of the hand between the thumb and index finger. 


Maria Seyring (1930) studied 189 cast iron 
fettlers in a large metallurgical works where pneu- 
matic tools were used, and reported that 92 com- 
plained of white fingers. In 60 of these 92 cases 
the symptoms were restricted to the left hand, in 8 
principally to the left hand, in 5 to the right hand 
only, in 8 principally to the right hand, whereas both 
hands were affected in Bs cases. The symptoms 
came on after about 2-3 years’ work and the per- 
centage of positive cases increased with the length 
of the working history. The details are given 


below :— 
Years of work 
Examination 2 2-5 3-10 Abovel) 
Negative 25 13 31 28 
Positive l 12 37 42 
Per cent. positive 
cases .. a 4 48 55 61 
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She suggests that the hardness of the material is 
an important factor in the etiology. Among men 
who had been working for 3 years or more, 61 out 
of 72 working on hard material were affected, 
whereas only 16 out of 31 working on soft material, 
2 out of 10 riveters, and 2 out of 27 men using a 
pneumatic tool to compress sand into moulds 
developed white fingers. Out of 35 fettlers of hard 
castings with upwards of 10 years’ working experi- 
ence, 31 were affected. Another interpretation, 
however, could be placed on these findings because 
fettlers use tools with a vibration rate between 2000 
and 3000 strokes per minute, whereas the riveters 
and compressors use tools with a slower vibration 
rate. Hunt (1936) records 7 cases of white fingers 
occurring in riveters and he suggested that the 
cause of the condition is the vibration transmitted 
from the end of the tool grasped in the left hand. 
He emphasized that the body and the handle of the 
tool vibrate less than the striking end. Although 
he regards the vibration of the tool as the funda- 
mental cause of the condition he thinks that cold is 
the factor which precipitates an attack. He also 
points out that, owing to the weight of the instru- 
ment and the cramped positions in which these men 
sometimes work, they often change hands and then 
the right hand may be affected as severely as the 
left. McLaren (1937), who examined a group of 
20 men engaged on pneumatic riveting, agreed with 
Hunt’s findings. Teleky (1927) gave an account of 
a case in which the circulatory changes were so 
severe that gangrene developed in the left little 
finger which had to be amputated; and Bennett, 
Waine and Bauer (1942) have observed gangrene of 
the finger tips in a pneumatic hammer worker. 
Junghaus (1937) demonstrated arterio-venous throm- 
bosis histologically and Barker and Hines (1944) 
showed by means of thoratrast that the ulnar artery 
was obstructed in the case of a pneumatic tool 
worker who complained of white fingers. 

In 1930 * dead hand’ also occurred among opera- 
tives who used pounding-up machines in the manu- 
facture of boots and shoes. This was a vibrating 
machine and the workers stated that their fingers 
felt dead on starting work in the morning, but that 
after treating about 36 pairs of shoes at the machine 
the numbness of the fingers was replaced by a 
tingling sensation, followed by a return to normal. 
The disability made its appearance during the first 
year of work and persisted even after the job had 
been given up. Middleton considered that the 
symptoms were attributable to the pressure of the 
tool which impeded the circulation of the blood in 
the fingers. This machine is no longer used and it 
is therefore not possible to make further investi- 
gations. 

We have examined 286 men who have been 
engaged for varying periods in the use of different 
kinds of pneumatic tools (Table 2). It will be seen 
that in varying percentages of the different groups 
of workers who use pneumatic tools the phenomenon 
of white fingers was found. In riveters for instance, 
48 cases out of 78 had white fingers, but it will be 
observed that in those men who used a tool which 
had a vibration rate of less than 2000 strokes per 
minute, there were 23 cases out of 43 (53-5 per 
cent.), but in those who used a tool which vibrated 
between 2000 and 3000 times per minute 20 cases 
out of 27 (74 per cent.) had the condition. Again, 
among caulkers who use tools which vibrate 
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TABLE 2 
WHITE FINGERS 




































































| 
Number years employed | | Years before onset of 
Occupation with pneumatic tools with symptoms 
and vibration |Total with | L. | R. |Both 
frequency , | | white | 
of tool Under ie 16 Over | fingers | Und 11- |16- 
2 |r" ws me | Be [2-5 10 51°39) 20" 
| a 
Riveters— | | | | 
Under 2000 43 12 | 2| 8 5 | 11 5 23 5} 8] 10 6 6; 7i 3 — 
2000-3000 27 5 |—| 2] 10) 6 4 20 4) 1 35 10 3) 4] 1 | 1 
Over 3000 4; —; 2}—);] 1);—} 1 3 |—|} 2 1 1 1 1;—/—]|— 
8000 4} — |—| 2]/—-]| 1] 1 2/1;/—| 1] —] 2}/—J]—J]-] — 
Caulkers— ee kal 
2000-3000 33 6 | +] Si) St 3 8 27 6| 4] 17 4/11} 6) 4);—] 1 
8000 3}; — |—}|—| 1] 1] 1 — }—/—| — | — J—|-—J]-—]-—-| — 
Fettlers— | | Z - 
2500-3000 108 6 | 24 | 37 21 | 12 8 77 | 58| 14) 5 zs" | 15*%| 19%). §* I*| 1* 
| 
Scalers— | | | 
6000 12 3 | 1;—] 3] 1 4 — j}—|—)}] — — j}—|—|]— | — | — 
Holders-up— | | 
1000 .. Lo a 1;—' 1 1 1 1);/—|; — 1 );—/—j—/—] — 
Hand .. . | 28 Ss io) oy S| 4 2 4)};—|— 4 _ 1); 2} 1j;—] — 
| | — 
Drillers .. 3}; 2) 2 | 4| 2/—]| 3 4/1] 3}— 1} 1)—] 1] 1} — 
Grinders Ae 1 1 me pe on wags Fane Smee! thas casa mma case mare | somes |P ec 
| 
| } | } 
Rivet cutters— | 
90 .. ..| 1] 1 |—/—J—]— | ‘on a ee ee ee es ee ey ee ae 
Total : | 286 | 49 40 | 62 | 57 | 40 | 38 161 | 76 | 32} 53 48 | 40/31 )15) 3|-3 
{ | | | | 



































* These figures apply to 78 of 108 fettlers; 


between 2000 and 3000 times per minute, 27 cases 
out of 33 (81-8 per cent.) had white fingers, and in 
fettlers who use tools of similar vibration rates 
there were 77 cases out of 108 (71-3 per cent.). By 
contrast, out of 9 ‘ holders-up’ who are in contact 
with tools which vibrate at 1000 times per minute, 
only 1 had white fingers, and in 12 scalers whose 
tools vibrate at 6000 strokes per minute there was 
no case of white fingers. 

Apart from the vibration rates of the tools the 
hardness or softness of the material worked appears 
to have some bearing on the development of white 
fingers. Caulkers and cold copper stayers who 
work on hard material appear to be most subject 
to the trouble, whereas hot riveters who, as the 
term implies, work on red-hot rivets which are 
softer than cold metal, are rather less subject to 
the syndrome. The tools which they use also 
vibrate at somewhat slower rates than those of the 
cold riveters. Other workers either use heavier 
instruments with a much slower rate of vibration 
and often work intermittently, or use lighter tools 
with a much faster vibration rate on lighter and 
softer work. Neither of these two groups seems to 
be prone to the condition. 

In our series of cases low air temperatures, as in 
Hunt’s cases, appeared to be the precipitating 
factor in the attacks. Many of these men, however, 
work out-of-doors in the winter in conditions under 
which any individual might develop chilblains. 
The escape of compressed air from the tools also 





figures for the remaining 30 are not available. 


produces cold and although the stream of air is 
usually directed away from the hands of the worker 
it does greatly cool the instrument which in cold 
weather may even have a collection of ice around 
the exhaust valve. It is unlikely that cold is the 
most important factor in the development of white 
fingers even though the symptoms are aggravated 
by and are always most pronounced in cold weather. 
The left hand is the one usually affected and this is 
the one farthest away from the exhaust valve, and 
it is in contact with that part of the instrument made 
hot by the vibrations. Mills (1942) and Cummins 
(1940) have brought forward evidence from the 
West Coast of America and from Ireland that a 
tool vibration of 2500 strokes a minute is the 
critical level for the onset of white fingers. Our 
experience leads us to believe that this theory is 
probably correct. The symptoms do not produce 
constitutional changes which would prevent a man 
attending at his place of work. There is neverthe- 
less a real disability which will prevent him working 
until the circulation returns to his hand. In 51 
cases among the 75 riveters and caulkers this took 
34 hour or less, in 17 cases one hour, in 6 cases 
2 hours, and in one case more than 2 hours. It 
results in stiffness and loss of sensation in the fingers 
with an inability to perform fine movements. In 
some instances the symptoms may be so bad, and 
the attacks so frequent, that a man may have to 
find other work. In our series 3 men were so 
affected and they had to change their trade. 
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Many methods of prevention of this syndrome 
have been suggested. The-compressed air which 
enters the tool near the handle could be artificially 
warmed if the air pipe passed through a local 
heater, but since it is not usually the hand which 
holds this part of the tool which is affected, it is 
doubtful if this would be beneficial. Shock ab- 
sorbing pads of sorbo rubber have been incor- 
porated in the palms of the leather gauntlets which 
these men wear, but they do not appear to have 
reduced the incidence of the syndrome. Similar 
pads might be fixed to the handle of the machine 
itself, or a type of handle could be attached by a 
strong spring to the barrel of the instrument so 
that vibration on the palm of the hand is reduced 
to a minimum. All these suggestions, however, 
neglect the fact that the frequency of the vibration 
is the probable cause of the syndrome, and it seems 
that if the frequencies between 2000 and 3500 were 
avoided in constructing the tools, the incidence of 
white fingers would be very substantially reduced. 


II. Areas of Decalcification of the Bones of the 
Carpus 


Brailsford (1934 and 1936) showed that on x-ray 
examination small areas of decalcification of the 
bones of the carpus were found in pneumatic tool 
workers, and McLaren (1937) selected a group of 
45 workers who had symptoms of white fingers and 
x-rayed the wrists of 31 of them. He also demon- 
strated the presence of these ‘ bone cysts’ or areas 
of localized absorption occurring in the carpal 
bones, and in the heads of the second metacarpals. 
He thought that these areas were most prominent 
to those men who had used tools with a vibratory 
frequency of 2300 strokes a minute, and believed 
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Fic. 4.—X-ray of wrist showing areas of 
decalcification. 


that their continued use would cause extension of 
the osteoporosis and the risk of a pathological 
fracture. In our 286 cases similar radiographic 
transparent areas were found in the carpal bones 
in 148 cases (51-5 per cent.) (Table 3) (fig. 4). They 
were more common in hand holders-up (18 cases 
out of 28) than in any other group. The term 
‘hand ’ holder-up has been used to differentiate the 
men who use a simple ‘ dolly ’ for holding up, from 
those who use a pneumatic tool with a vibration 
rate of 1000 a minute. The high incidence in this 
group suggests that constant jarring as opposed to 
rhythmical vibration might play some part in the 
causation. The cysts were seen in 45 out of 78 
riveters; in 18 of 36 caulkers; in 51 of 108 fettlers; 


TABLE 3 
AREAS OF DECALCIFICATION OF BONES OF CARPUS 





































































































| | Bones involved 
| ' 
| Age | No. acne 
Occupation and vibration | : | with Os Semi- , 
frequency of tool | —_ | | ‘bone | magnum| lunar Scaphoid| Other 
| a ark ~| cysts | 
| | eee pai? } 
18-29)30-39140-49)50-s9| ye"| Ieiriciriciricie 
ee Ae | ee | | + eee 
Riveters Under 2000 ..| 43 | 8 | 8 | 15 | 12 | — 33 9/14/12] 9| 7| 8] 6] 8 
2000-3000 ../ 27 | 4 ik 5 1 9 ae Sb a ae ae oon oe 
Over 3000 ee | — 2 2|/—]— 2 | 2}/—|;—|-—|—- 1| — 
8000 --| 4 emt 1 | 3 <P | 1 cea R Oe Pe eh 
| Poe | 
Caulkers 2000-3000 | 33 |} 6/ 2] 10] ] 4] «17 6| 5| 7] 6] 3] 1 3 
8000 | 3 —| 2}/—|/—- 1) 1 {|—}| 1}/—|—/|-—]-]-|- 
Fettlers: 2500-3000 108 | 23 | 35 | 42 | 3 | 51 | 19 | 25| 22/18] 3] 6] 7] 8 
Scalers: 6000 .. ..| 12 |—]| 2| 4] —| 8 | 1] 2] 4] 3] 2] 2] 2] 1 
Holders-up: 1000... ..| 9 | 2/ 3|/ 2/ 2/—]| 2 | vind OT Bisetiet Ot 4 
Hand «i @ | Fi viet tt sl se 9/11} 7) 7) 3} 4] 1] — 
ee ee Seas | | 
ii_~ittiGii?. See ee | — 6 }—| 3} 1] 3} 1} —}—]— 
Grinders .. Bs - I 1j]—}—|—j— ead |— —-—|—|—}|—}-|— 
Rivet cutters Ay ae I —}— Peers — | — | — | ae }—|—j—|— 
Total 5 | 70. | | 
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in 8 out of 12 scalers, and in 6 out of 13 drillers. 
The incidence of these bone cysts appears to be 
greater in those groups of men using tools with the 
lower vibration rates but it is doubtful whether this 
fact is significant. The individual bones of the 
carpus were involved in the following order of 
frequency: right os magnum, left semilunar, right 
semilunar, left os magnum and right scaphoid. 
The cysts appeared to have little or no connection 
with the age of the workers, nor with the length of 
time they had been engaged in handling pneumatic 
tools. Fracture of the scaphoid bone was found in 
only 7 cases, but this is a common injury not con- 
fined to pneumatic tool workers. On the whole 
there is little evidence to suggest that the bone 
cysts give rise to symptoms, or that they tend to 
progress and cause spontaneous fractures. During 
this investigation similar cysts were observed in 
other men engaged in many varying occupations, 
but who had never used pneumatic tools and who 
had attended medical out-patient clinics for diverse 
symptoms. This point. has also been noted by 
Grout (1937) and by Kohler (1931). It seems 
probable, therefore, that these areas are of little 
significance, that they do not produce incapacity 
and that they are not related specifically to the use 
of pneumatic tools. 


III. Arthritis resulting from the use of Pneumatic 
Tools 


Holtzmann (1929) first reported a case of arthritis 
of the shoulder arising in a pneumatic tool worker, 
and as a result of his work diseases of muscles, 
bones and joints from the use of compressed air 
tools were placed on the German schedule of com- 
pensatable occupational diseases. Rostock (1936) 
reported that in 744 Rhineland and Westphalian 
miners using pneumatic boring hammers arthritis of 
the elbow was found in 224, arthritis of the shoulder 
in 3, and of the wrist in 42 cases; whereas Vossenaar 
(1936) examined 1000 miners who had worked for at 
least 10 years with the tools, taking radiographs of 
the elbows and wrists, and found changes in the 
joints in 9-8 per cent. It is to be noted that these 
investigations were carried out in miners who pre- 
sumably were using heavy instruments with a slow 
vibration rate. The conditions under which mining 
is done are different from those under which our 
cases were working. Meiss, during an x-ray examina- 
tion of 107 workers in Holland who had used pneu- 
matic tools for 1-25 years, found articular changes in 
the head of the radius in 24 cases. He also noticed 
myositis ossificans on the anterior surface of the 
humerus at the origin of the brachialis anticus, but 
on the whole there was little clinical disability. 
Other cases of arthritis have been reported by 
Mauclane and Minot (1933), Sommer (1935), 
Sigaud and Terray (1932), Hardgrove and Barker 
(1933), Weber (1934), Jones (1937) and Copeman 
(1940) among others. 

In our series the incidence of arthritis was low, 
and the changes were slight (see Table 4). Thus 
there were 9 cases among 78 riveters (7 of the elbow 
and 2 of the wrist), 9 out of 36 caulkers (all but one 
involving the elbow joint), 4 out of 108 fettlers (3 of 
the elbow and 1 of the wrist), 8 out of 37 holders-up 
(6 of the elbow and 2 of the wrist), Among 12 
scalers there were 7 cases of arthritis and in 6 of 
these there were gross changes in the elbow joints. 
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Admittedly this group is too small to be of statistical 
significance and more of these workers will have to 
be examined before a conclusion can be reached. 
In the 7 cases of fractured scaphoid referred to 
above, arthritis of the carpus was also present. 






































TABLE 4 
ARTHRITIS 
Occupation and | | Arthritis | Old fractured 
vibration | Total | | scaphoid with 
frequency No. | ; ~| arthritis of 
of tool | Wrist | Elbow | carpus 
Riveters— | | 
Under 2000 .. | 43 | l wo 1 
2000-3000 ..| 27 | 1 : i 
Over 3000 ..| 4 | — — | — 
goo ..|} 4) —| — _ 
Caulkers— | 
2000-3000 .. | 33 1 8 1 
8000 .. | 3 | — im. | —- 
Fettlers— | | | 
2500-3000 .. | 108 | 1 | 3 | 2 
Scalers— } | 
6000 .. ei 6 | ai 
Holders-up— | | 
es. ax) bw 2 se 
Hand : | 28 2 4 | — 
Drillers a | 13 — — | 3 
Grinders oa | 1 — | = | — 
Rivet cutters mm — | — | — 
Total .. | 286 | 7 | 30 | 7 








IV. Injuries of Palmar Aponeurosis and of the 
Ulnar Nerve 


It has been suggested in the literature that 
repeated trauma may give rise to Dupuytren’s con- 
tracture of the palmar aponeurosis and that this 
may be brought about by the use of pneumatic tools. 
Only one man in our series had the condition. He 
was a man of 47 years who had used a pneumatic 
chisel for 18 years. He had previously been a 
motor driver for 2 years and had served in the Navy 
for 12 years. Other men, some of whom had 
worked with the tools for longer periods, did not 
have the condition. 

Seyring (1930) drew attention to the wasting of the 
small muscles of the hand with loss of sensation of 
the ulnar distribution and she thought that this was 
brought about by pressure on the ulnar nerve. One 
of our cases had well-marked ulnar paresis and 2 
others had slight muscle wasting and loss of sensa- 
tion, but in neither were the symptoms severe. It 
will be seen, therefore, that ulnar paresis can result 
from the use of pneumatic tools but that it is not a 
common occurrence. 

Large bruises are commonly found on the back 
of the hands of riveters who work on the under-side 
of ships. They are caused by the hand being 
knocked constantly against the knee when the tool 
is used in an inverted position. 
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Summary 


A group of 286 pneumatic tool workers has been 
examined. The group included 78 riveters, 36 
caulkers, 108 fettlers, 12 scalers, 13 drillers and 37 
holders-up. 

White fingers were found in 48 riveters, 27 
caulkers and 77 fettlers. The syndrome usually 
developed after they had been on the work for from 
2 to 5 years. It occurred most frequently among 
workers who were using tools with a vibration rate 
of 2000-3000 a minute. The condition occurred 
most often in cold weather and cold is probably a 
precipitating factor. White fingers rarely caused 
gross disability, but in three cases the condition 
was severe enough to make the men change their 
occupation. 

Arthritic changes were rare and there was no 
convincing evidence that they can be brought about 
solely by the use of pneumatic tools. The possi- 
bility, however, cannot be completely dismissed. 

Small areas of decalcification or bone cysts in 
the carpal bones were found in 35 riveters, 14 
caulkers, 51 fettlers and 19 holders-up. This con- 
dition may be caused by repeated trauma, but it is 
not confined to workers who use pneumatic tools. 
The cysts cause no disability, and there is no 
evidence that they predispose to arthritis or fracture. 

Ulnar paresis was found in three cases; but only 
1 case of Dupuytren’s contracture was found in 
286 workers. Bruising on the dorsum of the hand 
occurs in riveters when driving rivets in a vertical 
direction. 
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METHYL BROMIDE POISONING 





AN ACCOUNT OF FOUR RECENT CASES MET WITH IN ONE OF H.M. SHIPS 


BY 


C. ASTLEY CLARKE, C. G. ROWORTH and H. E. HOLLING 


From a Royal Naval Auxiliary Hospital 


The increase in the use of methyl bromide in the 
present war for its fire-extinguishing properties has 
made the problem of poisoning by this chemical of 
interest in the Services. 


Physical Properties and Uses of Methyl Bromide 


Methyl bromide is a gas at ordinary temperatures. 
It is readily liquefied at 0° C. to a clear, colourless 
and extremely volatile liquid, boiling at 4-5° C. 
(40-1° F.). It has a melting point of —93°C. 
When diluted, the gas is almost odourless, but in 
higher concentrations it has a musty, acrid smell. 
In cases of poisoning in man a sweetish odour in 
the breath has sometimes been noticed; where 
death has occurred the same odour has been noticed 
in the internal organs at autopsy. 

Methyl bromide is used in the chemical industry 
as a methylating agent. It is also used for refrigera- 
tion purposes, as a fumigant in the control of 
rodents and fleas and in the disinfestation of stored 
grains and foodstuffs. The quantity used for 
fumigating food is so small, however, that poisoning 
from swallowing the vapour is very unlikely to 
occur. As a fire-extinguisher, methyl bromide acts 
by reason of its great density, being about three 
times as heavy as air; a blanket of vapour forms 
over the fire, and oxygen is thereby excluded. One 
pound of the liquid will generate 3-7 cu. ft. of the 
gas at N.T.P. The vapour has no action on 
mustard gas detector paint, and the Service respi- 
rator affords but little protection although in an 
emergency it may be used for a period of not more 
than five minutes. It must be remembered, how- 
ever, that in dealing with a fierce fire which is incom- 
pletely extinguished by methyl bromide, thermal 
decomposition products (particularly bromine) may 
be liberated. These, by their smell, would give 
warning to unprotected personnel, but a false sense 
of security might be induced in those wearing 
respirators, resulting in inhalation of the almost 
odourless methyl bromide. 


Occurrence of Poisoning 


Methyl bromide poisoning was first reported in 
1901 by Jaquet, and the majority of cases up to 


Cc 





the beginning of the present war occurred in work- 
men who had been engaged in the manufacture of 
the compound. Up to 1940, only 42 cases had 
been reported in the literature, mostly in Germany. 
Of these 12 were fatal, 23 recovered and in 7 the 
information was incomplete. Since 1939, cases 
have been more numerous, and in the Royal Navy 
22 have been reported, with 6 fatalities. 


Toxicity 

Methyl bromide is more toxic than ethyl bromide 
and both are more toxic than methyl and ethyl 
chloride. Delayed action, which is common to the 
whole group, is most marked with methyl bromide. 

Information concerning the concentration of 
methyl bromide at which toxic symptoms occur in 
man is scanty. The figures are also liable to be 
misleading, owing to the density of the gas, which 
results in its sinking to the lowest level of a com- 
partment. Factors such as ventilation and the 
breathing-level of those exposed to the poison may 
result in different amounts of the gas being absorbed 
by persons in the same affected compartment. The 
following facts, however, have been gathered from 
the literature, and it will be seen that similar orders 
of concentration have approximately the same 
toxicity in both animals and man. 

Effects on Animals (Rats). (1) 11,000 parts per 
million can be survived for three minutes only. 
(2) 2200 parts per million can be survived for 
24 minutes. (3) 440 parts per million are fatal 
after 6 hours exposure. (4) 220 parts per million 
are lethal after 22 hours exposure, but animals can 
survive this concentration if removed from the 
chamber after 8 hours. (5) 92 parts per million 
are survived for 22 hours by all the animals. 

Symptoms are said to occur earlier if a gas flame 
is present in the chamber; it has been surmised 
that this is due to the oxidation of the compound 
to a more poisonous product. 

Repeated exposures in animals showed that a 
quarter of the maximum concentration tolerated 
for a single 8-hour exposure could be tolerated daily 
for 6 months without demonstrable effects. This 
indicates that the rat can either destroy or excrete 
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non-lethal quantities of methyl bromide without 
harmful effects. 
Effects on Man. 
methyl bromide vapour are fatal if inhaled for more 


(1) 10,000 parts per million of 


than a few minutes. (2) Miller (1943) reports the 
case of a man moribund after an escape of methyl 
bromide which could have given an overall concen- 
tration of 8000 parts per million in the refrigerator 
car where he was found. (3) 220 parts per million 
can be endured by man for several hours without 
serious effects (4) 50 parts per million may pro- 
duce mild symptoms in man after 8 hours’ exposure. 
(5) Watrous (1942) reports that of 90 persons 
working in the filling and sealing room of a methyl 
bromide factory, 30 developed minor symptoms at 
some time during a two-week exposure to a concen- 
tration of often about 35 p.p.m. The estimation in 
these cases was done by the ‘ Frigidaire’ leak 
detector. This is a small blow torch, using methyl! 
alcohol for fuel and equipped with a copper com- 
bustion tube into which air is drawn by a tubular 
duct. The presence of any halide in the air causes 
the almost colourless flame to assume various shades 
of green or blue, roughly proportional in intensity 
to the vapour concentration. The lower limit of 
sensitivity to the apparatus is 35 p.p.m. of methyl 
bromide. 

From the above it will be realized that for prac- 
tical purposes any methyl bromide present in the 
atmosphere must be regarded as a source of great 
danger. 


Symptomatology 


(a) Symptoms resulting from High Concentrations 
of the Vapour. At a concentration of the order of 
1 per cent. (by volume) methyl bromide not only 
has the musty acrid smell already mentioned but is 
also markedly irritant to the upper respiratory tract. 
Consequently, provided escape is possible, the 
length of exposure is likely to be short. Following 
a brief exposure to such a concentration of the gas, 
victims may complain of headache, smarting of the 
eyes, cough, loss of appetite, abdominal discomfort, 
and numbness of the feet. Most of these symptoms 
pass off in a few days, but peripheral paraesthesiae 
have been noticed as a residual symptom for as long 
as 34 months. Where men have been overcome by 
the fumes or unable to escape, death may take place 
within 48 hours from pulmonary oedema. _Irrita- 
tion of the central nervous system is not a feature 
of exposure to very high concentrations; death 
presumably results from pulmonary oedema before 
nervous symptoms develop, or because the victim 
avoids the irritant gas before he has had time to 
absorb much of it. 

(b) Symptoms resulting from Lower Concentra- 
tions of the Vapour. Here exposure is likely to be 
more prolonged, as the presence of the vapour is 
not appreciated. Mild symptoms such as malaise, 
headache, smarting of the eyes and nausea which 
may occur soon after an incident are often attributed 
to dietary indiscretion, over-smoking, bad ventila- 
jion or an attack of influenza. After a period of 
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some hours, usually two to sixteen, but sometimes 
longer, delayed symptoms make their appearance, 
and these are often the first reason for seeking 
medical aid. Characteristic of these delayed 
symptoms are visual disturbances—difficulty in 
focussing objects and occasionally actual amblyopia 
—symptoms of alcoholism, apathy, drowsiness, 
paresis of the lower extremities and epileptiform 
attacks. When these last occur the prognosis is 
extremely bad, and the literature only reports one 
case which recovered after fits had supervened. 
Complete recovery may be a matter of weeks or 
months, visual symptoms often persisting the 
longest. Convalescence may be characterized by 
depression, irritability, lassitude, sleeplessness and 
inability to concentrate. These psychological dis- 
turbances may even persist for years, but there is 
some evidence to show that when they do the 
subject has previously been of unstable nervous 
temperament. 

(c) Symptoms resulting from Minimal Concen- 
trations of Vapour. Following prolonged exposure 
to very low concentrations (of the order of 35 p.p.m.), 
the characteristic fits do not occur. Under these 
conditions the commonest complaints are anorexia, 
nausea, headache and pains in the quadriceps, all 
of which disappear rapidly when the patient leaves 
the contaminated area. The same symptomatology 
may occur in short exposures to somewhat higher 
concentrations. 

(d) Symptoms resulting from Contact with Liquid 
Methyl Bromide. Liquid methyl bromide on the 
skin produces burns. It rapidly penetrates clothing, 
and even boots are not proof against it. Rubber 
and adhesive tape absorb and retain the chemical, 
and contact with these may also cause skin lesions. 
An erythema of .the feet and ankles has been 
reported as occurring within 60 minutes of exposure 
and some hours later large bulbous blisters appeared 
in the same areas. In less severe cases a fine papular 
rash has been described appearing on exposed sites 
in 7 or more days, and healing in one week after its 
appearance. 


Mode of Action of Methyl Bromide 

Although the exact mode of action of methyl 
bromide has not been ascertained, the following 
facts are known :— 

(1) Methyl bromide has so far not been recovered 
from the tissues or body fluids either in man or 
animals. 

(2) After exposure to the vapour of methyl 
bromide there is a definite increase in the non- 
volatile bromide in the blood. Rabbits have a 
blood bromide of approximately 11 mg. per cent. 
after repeated 8-hour exposures to 60 p.p.m. of 
methyl bromide, and at this level they show func- 
tional responses to the poison. Control animals 
gave a figure of 1 mg. per cent. Feeding inorganic 


bromide in amounts sufficient to maintain the blood 
bromide level far above that in animals exposed to 
methyl bromide failed to produce any comparable 
In man the non-volatile bromide in the 


results. 
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blood is also increased, in two fatal cases of poison- 
ing, the figures being 9-2 and 8-3 mg. per cent. 
respectively (normal 0-1-5 mg. per cent.). 

(3) Rabbits exposed to methyl alcohol vapour in 
concentrations equivalent to or greater than that 
which would be obtained by the hydrolysis of 
intoxicating concentrations of methyl bromide 
showed no functional response comparable to 
methyl bromide poisoning. Again, exposing rab- 
bits to methyl alcohol vapour and feeding them 
with sodium bromide produced no _ functional 
response comparable to the effect of methyl bromide, 
even with a blood bromide of 90 mg. per cent. 

(4) Animals recover quickly and completely from 
repeated sublethal daily exposures and in man a 
case has been reported where poisoning occurred 
on five different occasions with complete recovery 
from each attack. It must be noted, however, that 
there was an interval of years between each exposure. 

The first of the above facts suggests that the 
methyl bromide molecule is not itself responsible 
for the clinical picture of ‘ methyl bromide ’ poison- 
ing. The second and third points suggest that 
neither sodium bromide nor methyl alcohol are the 
responsible factors; nevertheless, since they appear 
to be the likely hydrolysis products of methyl 
bromide, suggestions have been brought forward 
with a view to showing that either the bromine or 
methyl radicle may be in some way responsible. 
Thus, Miller and Haggard (1943) have propounded 
an ingenious theory suggesting that ‘ intra-cellular 
bromism ’ is the cause of the toxicity. It is known 
that bromine ions do not pass readily through a cell 
membrane, whereas methyl bromide molecules do. 
The theory is that though some methyl bromide is 
hydrolysed in the extra-cellular fluid, some of the 
compound undergoes this process in the cells of 
the C.N.S., with the result that bromine ions are 
trapped in the nerve cells. It is supposed that 
symptoms caused by such intra-cellular bromism 
would differ from those which follow an overdose 
of such a salt as sodium bromide. This theory, 
however, does not explain why the symptoms of 
methyl chloride intoxication (which cannot be 
explained on the intra-cellular bromine hypothesis) 
should be so similar to those of methyl bromide. 

Those who ascribe the toxicity of methyl bromide 
to the ‘ methyl’ radicle point out certain similarities 
between methyl bromide and methyl alcohol poison- 
ing. The only common feature worth considering 
in this connection is that in a very few cases scoto- 
mata and even amblyopia have been reported after 
exposure to methyl bromide; where these have 
occurred the similarity to the blindness resulting 
from methyl alcoholism has been seized upon. If 
the toxicity of methyl bromide were in fact due to 
methyl alcohol, one would expect amblyopia to be 
a frequent finding, yet there has been no suggestion 
of it in any of the cases which have come to our 
notice. Moreover, fits which are highly charac- 
teristic of methyl bromide, do not occur after methyl 
alcohol poisoning; neither is there any resemblance 
between methyl bromide poisoning and that which 
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results from the oxidation products of methyl 
alcohol—formic acid and formaldehyde. 

The fourth point suggests that methyl bromide 
has no cumulative action and that acquired sensi- 
tivity to it is unlikely. 

From the above observations it will be seen that 
the problem of methyl bromide poisoning remains 
unsolved, but it appears likely that some decom- 
position product (at present unknown) is the respon- 
sible factor. 


Present Series of Cases 


Four officers, three males and one female, were 
accidentally exposed to an unknown concentration 
of the vapour of methyl bromide for varying lengths 
of time, as a result of the leakage of the fire-fighting 
apparatus in one of H.M. ships. 

In the craft in which the accident happened the 
cylinders of methyl bromide are placed in one part 
of the ship and each is connected by piping to the 
compartments in which a fire might occur. The 
cylinders have the usual collar and screw connection 
to be found in the normal commercial gas cylinders 
but they have no stop-cocks, the gas being contained 
by a metal diaphragm which is seated behind the 
collar-nut. Inside the first part of the pipe to 
which these cylinders are attached is a metal pin 
worked by an external lever; when the latter is 
moved the pin ascends, perforates the diaphragm, 
and releases the gas into the system. The incident 
in question was due to the accidental movement of 
one of these levers, which allowed the gas to escape 
into a compartment beside the wardroom. From 
there it leaked into the wardroom causing the effects 
described below. 

At 20.15 on January 8th, 1944, two officers A and 
B, both aged 20 years, were admitted to hospital 
after an urgent ambulance call. A was unconscious 
and having violent fits. B was conscious, and 
although somewhat drowsy was able to give the 
following history. He and the other officer, on 
turning out on deck after breakfast, both thought 
they had influenza. They were working together 
all the forenoon and going into the wardroom 
before lunch, at about midday, felt quite well. 
They lunched at 13.00, and enjoyed it, with the 
exception of some onions, which they said they 
thought tasted queer. After lunch, a third officer, 
C, came into the wardroom with a female officer, 
D, and they all four had coffee there. At 14.00 A 
and B turned out on deck to continue working and 
noticed that their eyes were smarting. About 15.00 
they both began to feel ill and went below to lie 
down in the wardroom. Nothing further was seen 
of them until 18.00, when they both vomited, 
ascribing their condition to the onions. Vomiting 
continued, and when A began to lose consciousness 
the crew became worried and requested medical aid. 

B’s story on arrival in the hospital was so extra- 
ordinary that a medical officer was immediately sent 
to the craft to make further investigations. He 
arrived at 20.30 hours and the inquiry began at this 
time in the wardroom. The following facts were 
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elicited:—(1) The lunch, onions included, had been 
shared by all on board; the rest of the crew had 
enjoyed it and none had been taken ill. (2) The 
food for A and B had been brought forward in a 
safari-tin (a large thermos) by the officers’ steward, 
who was under punishment. The remains of the 
food had been thrown overboard by the latter. 
When inspected, the glass inside the safari-tin was 
found to have been smashed to atoms and the 
steward could give no account of how this had been 
done. (3) The fire-fighting apparatus was stated 
by the rating in charge to be in order. (It must be 
remembered that weighing is the only possible test 
for the fullness of the cylinders, and this could not 
be done with them in situ.) (4) At 21.00 case C 
arrived on board in response to a request to attend 
the inquiry. It was with the greatest difficulty that 
he had been persuaded to leave the nearby hotel, 
where he had had dinner with the female officer 
(case D). His eyes were bloodshot and he was in 
a most perverse frame of mind. He was completely 
unhelpful and appeared to care little for the fate of 
the other two officers, although it was pointed out 
to him that they were desperately ill and that any 
information he could give might help in the diagnosis 
and treatment. He appeared anxious to leave the 
craft and was eventually allowed to do so in order 
to take the female officer home. He was instructed 
to go to the hospital after having done this. 

The inquiry then ended; a certain amount of 
suspicion had been thrown on the steward who had 
taken the food to the two officers, but the theory of 
food poisoning seemed a little far-fetched. The 
unusual behaviour of case C was unexplained and 
it was only afterwards that his symptoms were 
recognized as being due to methyl bromide poisoning. 

The medical officer who had conducted the 
investigation, and who had been in the wardroom 
for about an hour, now returned to the hospital. 
On arrival there he noticed a soreness in his eyes. 
He then realized that the atmosphere of the ward- 
room must have been responsible, and, as it was 
known that methyl bromide was contained in the 
fire-fighting apparatus, the scanty available litera- 
ture on the subject of poisoning by the vapour was 
immediately referred to. 

Information was then received that case C was 
very ill in. his ship, having failed to report at the 
hospital. He was immediately admitted. Inquiries 
were also made as to the state of case D, who had 
returned to her hostel. It was discovered that she 
had vomited since her arrival there and she, too, 
was admitted to hospital. Orders were also given 
for the crew to be removed from the craft. Later, 
one of them vomited slightly; he was admitted for 
the night but had no further symptoms. 


Case Records 


Case A, male, aged 20 (20.15/8). 


Admitted to hospital 
deeply unconscious. 


Eyes bloodshot, heart and lungs 


normal, colour good, pulse 120. Normal pressure. 
History of having had several fits. 

Severe epileptiform convulsion, with very 
short tonic stage. 


This fit, which was typical of all, 








INDUSTRIAL MEDICINE 


both in cases A and B, lasted from 3 to 4 minutes; in 
the clonic stage the flexor muscles over the whole body 
were contracting strongly with a period of 80-90 a 
minute. These contractions appeared to become 
stronger with each attempt at inspiration, when the 
intercostal muscles joined in and, interfering with the 
respiratory process, the patient became more cyanosed 
as the fit progressed. At the end of the convulsion the 
contraction ceased quite suddenly; the breathing became 
normal, the colour returned and the pulse dropped to 
120. The convulsions returned at 15-minute intervals, 
and between them the patient was quiet, with flaccid 
muscles. The tendon reflexes were normal, plantar 
responses flexor and the pupils reacted to light. There 
was, however, no return to consciousness and the corneal 
reflexes were absent. 

21.30. During the next hour the fits were slightly 
more frequent but the patient’s general condition re- 
mained good. A specimen of urine was tested and was 
found normal, but only a few cubic centimetres were 
passed and he had certainly not emptied his bladder for 
the previous two hours. 

22.30. For the next hour the fits were more frequent 
and less violent, and it was hoped that this was a sign 
that he was getting better. 

23.30. The convulsions now began to last for longer 
periods and the intervals became shorter, with conse- 
quent interference with respiration, and loss of colour. 
The pulse rate began to rise, and efforts were made to 
try and control the contractions. Omnopon gr. + was 
given at 22.30 and at 23.45; this was followed by 15 c.c. 
of pentothal sodium intravenously. The patient imme- 
diately became quiet and the respirations regular 
although shallow. The pulse returned to 120 and the 
colour became good. The effect of the drugs, however, 
did not last for more than 50 minutes. 

00.30/9. A continuous pentothal intravenous drip 
was set up, but it very early became obvious that it was 
impossible to control the contractions without anaesthe- 
tising the patient so deeply as to depress the respirations 
to danger point. The colour became very poor and the 
pulse irregular, so the drip was stopped. 

01.00. The Boyle’s anaesthetic apparatus was set up 
with the mask strapped to the patient’s face and con- 
tinuous oxygen and chloroform given. The patient’s 
condition began to improve at once, and within half an 
hour it became possible to reduce the contractions 
almost to vanishing point whilst maintaining fairly good 
respirations; these, with the increased oxygen tension, 
improved his colour and the pulse again dropped to 120 
per minute. 

At 01.30 further gr. 4 omnopon was given. 
and chloroform were continued until 06.00. 

06.00 The patient’s condition now appeared to have 
improved. For the previous hour the contractions had 
been almost absent, and very little chloroform had been 
used. The pulse, while it was still generally in the 
region of 120 per minute had been as low as 110 on 
several occasions. His colour was good and the chest 
dry. It was therefore decided to stop the oxygen and 
chloroform and this was done at 06.00. 

06.10. Within a few minutes of removing the mask 
there was a very severe convulsion and the colour failed 
at once. The pulse became uncountable. Two c.c. of 
coramine were given and the mask replaced. The con- 
tractions were again controlled but he remained cyanosed. 
Some blood was removed for examination and, owing to 
a mistake in reading the apparatus, a high percentage 
of methaemoglobin (60 per cent.) was reported. On 
account of this a transfusion of 500 c.c. whole blood 
was given, but this had no effect. 

07.00. The contractions now became more difficult 
to control and there was the same difficulty as was 
experienced with pentothal in the beginning—that is, in 
order to control the contractions the respirations had 
to be depressed to danger point. 

09.00. The patient’s general condition began to 
deteriorate rapidly, and it was obvious that death would 
not be long delayed. The pulse became irregular and 
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difficult to feel. Oedema of the lungs supervened and 
it was apparent that the heart was failing. Death finally 
took place at 11.25/9. 

Autopsy. Performed 10.30 on January 10th (about 
24 hours after death). The body was that of a well- 
nourished male of about 20 years of age. No signs of 
external injury. -There was marked post-mortem 
lividity. The conjunctivae were inflamed and there 
were peri-orbital ecchymoses present on each side. 
Tongue furred. Throat normal. No abnormal odour 
noted on section of the cadaver. The trachea contained 
much blood-stained mucus and there was three-quarters 
of a pint of blood-stained fluid in each pleural cavity. 
The lungs were very oedematous and much blood- 
Stained fluid could be expressed from the smaller bronchi. 
No evidence of consolidation and the lungs contained 
air. Sub-pleural haemorrhages were marked, coalescing 
at the bases to form purpuric sheets. Localized emphy- 
sema was present along the anterior margin of the left 
lung. Bronchial glands normal. The heart was normal 
except for right-sided dilatation, the tricuspid valve 
admitting the tips of four fingers. No sub-pericardial 
haemorrhages. The liver, spleen and kidneys appeared 
normal. The brain showed marked congestion with 
numerous haemorrhages scattered throughout the brain, 
particularly on the right side. Portions of brain, heart, 
lungs, liver, kidneys and spleen were removed for. patho- 
logical examination and later were reported on as 
follows :— 

Kidney: Glomeruli show dilatation of the capillary 
loops. All tubules show degenerative changes but these 
are most severe in the convoluted tubules in which they 
have gone on to virtual necrosis. The interstitial tissue 
shows marked vascular congestion. A part of the above 
changes is due to autolysis but in addition there is a 
severe degree of toxic damage. Liver: shows conges- 
tion, cloudy swelling and slight fatty change. Spleen 
and myocardium: no apparent lesions. Lungs: show 
intense congestion with intra-alveolar haemorrhage. 
Brain: corpus striatum. There is congestion of the 
smaller vessels and localized peri-vascular haemorrhages 
around a few ofthem. No parenchymatous lesions made 
out. Cerebral cortex: similar to above. Medulla: 
similar to corpus striatum. Pons: no apparent lesion. 


Case B, male, aged 20 (20.15/8). Admitted to 
hospital. Drowsy, but able to give the history already 
quoted. Eyes bloodshot. Clinical examination showed 
no abnormality in the heart, lungs or central nervous 
system. Pulse 96. The patient fell into what appeared 
to be a normal sleep, from which he could be roused. 

21.00. Severe convulsion of the same type as case A. 
Omnopon gr. 4 given. Following the fit he became 
quiet and remained asleep until 22.30. 

22.30. Severe convulsion lasting 6 minutes. Con- 
dition following this fit was good. Pulse 100. 

23.34. Severe convulsion, during which the pulse was 
almost uncountable. Coramine 1 c.c. Omnopon gr. 4. 

23.45. Convulsion, following which the pulse returned 
to 118. He became quiet again and the pulse slowly 
returned to 100. 

01.00/9. Severe convulsion, morphia gr. 4} given. 
Following this the patient became quiet, and he remained 
so until 03.00, when he woke up and asked for some- 
thing to drink; this was given to him and he went off to 
sleep again. 

09.00. Condition unchanged; pulse 110, colour good. 
He had not become conscious again but he was not 
disturbed and it was hoped that he was improving. He 
remained the same until 11.30. 

11.30. Further severe fit lasting 6 minutes, followed 
rapidly by another. He passed into a state of con- 
tinuous clonic contractions and the Boyle’s apparatus 
was set up as in case A. The contractions were never 
completely controlled, however, and by 12.30 his con- 
dition was desperate. 

12.30. Pulse uncountable and very irregular. Oedema 
of lungs. He died at 15.15/9. 

No autopsy was performed. 
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Case C, male, aged 30. The previous behaviour of 
this patient has already been described. 

23.15/8. Admitted to hospital. He complained of 
very severe pain in the eyes and was rolling about in 
the bed. The eyes were bloodshot and watering pro- 
fusely; the lids were puffy and tender. He could answer 
questions but was not completely rational. Examina- 
tion of the heart, lungs and central nervous system 
showed no abnormality. He was given morphia gr. 4 
which controlled the restlessness, and on the following 
day had much improved. 

10.30/9. The patient was now completely rational 
and had a proper appreciation of the happenings of the 
previous day; he reacted normally to the information 
about the other officers. 

Examination showed slight bilateral conjunctivitis and 
oedema of both upper lids. No rash; tongue furred; 
throat injected; heart normal; blood pressure 136/92. 

N.S.: pupils normal, knee and ankle jerks present 
but weak; plantar responses flexor. Fundi normal, no 
haemorrhages seen. Urine normal. 

Progress. The patient was kept in bed under observa- 
tion and in general made a good recovery. He was 
allowed up for a short time as from January 17th, when 
difficulty in focussing was his only complaint. On this 
day his urine was reported to contain granular casts, but 
they were never discovered subsequently. His con- 
valescence was retarded by a moderate degree of mental 
depression and he was not found fit for duty until 
March 20th, 1944, 


Case D, female, aged 27. This patient was affected 
far less than any of the preceding. She had noticed, at 
about 20.30 in the wardroom, that her eyes were pricking 
and that her throat felt dry. She returned to her hostel, 
drank a pint of milk and vomited once. On admission 
to hospital on the night of January 8th her eyes were 
seen to be very slightly injected and she complained of a 
little dizziness. She had no serious subsequent symp- 
toms. She was kept in hospital for one night, and the 
following day physical examination was entirely nega- 
tive, but she complained of a productive cough. This 
persisted for two days, when she coughed up a lot of 
thick yellow phlegm which she stated contained small 
lumps of blood. She only reported this later. She was 
allowed to leave the hospital and when seen again about 
a month later, after sick leave, she had completely 
recovered and was allowed to return to duty. 

Conclusive evidence that methyl bromide had been in 
fact the cause of the symptoms was forthcoming the day 
after the incident when one of the cylinders was weighed 
and found to be empty. 


Discussion 

Diagnosis. The cases outline above show the 
typical symptoms and course of methyl bromide 
poisoning in varying degrees of severity. In retro- 
spect, the diagnosis is easy, but unless knowledge of 
the toxicity of methyl bromide is more widely circu- 
lated there is danger of the poison not even sug- 
gesting itself as a possible diagnosis. It cannot be 
too widely known that where a number of simul- 
taneous cases of poisoning occur in a small ship, 
the fire-fighting apparatus should immediately be 
investigated. 

Similar symptoms might be produced by carbon 
monoxide poisoning, but the colour of the patient 
and the fact that there are no delayed effects in this 
condition should distinguish it from methyl bromide 
poisoning. In the present series, owing to the 
circumstances associated with the incident, strych- 
nine poisoning was at first suspected, and it was not 
until the investigating medical officer noticed that 
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his own eyes were smarting that it was realized that 
the poison had been inhaled and not taken internally. 
Apart from the prodromal symptoms, strychnine 
poisoning also differs in that the convulsions follow 
one another at very quick intervals and that the 
abdominal muscles show board-like rigidity. 

In isolated cases where the symptoms are mild, 
alcoholism might be suspected; where severe, 
status epilepticus or fulminating cerebro-spinal 
meningitis might be erroneously diagnosed. 

Prognosis. The severity of the symptoms and 
the likelihood of death from methyl bromide 
poisoning depends, as has already been stated, on 
the concentration of the vapour and the length of 
time of exposure. In the present series of cases the 
latter is not known very accurately, but in the two 
fatal cases, A and B, it was about five hours, in 
case C about three hours and in case D about two 
hours. The concentration to which they were 
subjected is not known. 

It will be seen that the fatal cases were exposed 
for approximately twice as long as the survivors. 
Animal experiments performed to determine the 
length of time for a given concentration following 
which there was 100 per cent. survival showed that 
when this time was doubled or slightly more than 
doubled, all the animals died. This point might 
conceivably be useful in deciding priority treatment 
in man. Thus, if a series of cases occurred one or 
more of which had been fatal in a known time, it 
would be reasonable to infer that survivors who 
had only been exposed to the vapour for half as 
long or less would be unlikely to succumb, and 
attention could be given to those who had had a 
greater length of time in contact with the vapour. 
The point is not so abstract as it may at first appear. 
The difficulty with any given case is to know whether 
or not fits are likely to supervene. If they do 
death is almost certain. In the present series of 
cases B by no means appeared desperately ill on 
admission to hospital, but the fact that he had been 
in the wardroom for the same length of time as A 
(who was having fits) under similar conditions could 
have enabled a bad prognosis to have been given. 

The rise in the blood bromide may also prove to 
be of assistance in assessing the prognosis, but there 
is as yet insufficient data on this point and, as will 
be seen below, the difference in reading between the 
fatal and non-fatal cases is small. It seems probable 
that this investigation may be more useful in de- 
ciding whether or not methyl bromide poisoning 
has occurred at all. Thus, men working in a ship 
but sleeping ashore who report at the sick bay com- 
plaining of headache and loss of appetite may 
ascribe these symptoms to a leak in the fire- 
extinguishing apparatus. Considerable loss of 
efficiency is likely to result unless there is some 
reliable way of making a quick diagnosis. The 
ideal method is to test for the vapour in the ship 
concerned (by some such means as the Frigidaire 
leak-detector). This, however, may not always be 
practicable and it is possible that blood bromide 
investigations may be of assistance in arriving at 
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the correct conclusion. The practical drawback is 
that the analysis is somewhat complicated and, 
unless expert laboratory facilities are available, 
there is likely to be considerable delay. 

Chemical Analyses. The chemical analyses * in 
the present series are given below :— 


Case A. Per cent. 
Day of incident non-volatile bromide content 
of blood .. os -- 9-2 mg. 
- L non-volatile bromide content 
of urine 9-2 mg. 


non-volatile bromide content 


of stomach contents 2:3 mg. 
Case B. 
Day of incident non-volatile bromide content 
of blood an .- 83 mg. 
Case C. 
Day of incident non-volatile bromide content 
of blood .. a4 -- 6-9 mg. 
12 days after non-volatile bromide content 
incident. of blood Be .- 69 mg. 
39 days after non-volatile bromide content 
incident. of blood se .. 0-0 mg. 
Case D. 
Day of incident non-volatile bromide content 
of blood .. a .- 69 mg. 
12 days after non-volatile bromide content 
incident of blood ae -- 69 mg. 
31 days after non-volatile bromide content 
incident. of blood .. .. 0-8 mg. 
41 days after non-volatile bromide content 
incident. of blood ee .. 0-0 mg. 


From the above it will be noted: (1) That the 
severity of the symptoms in cases A, B and C was 
roughly paralleled by the blood bromide levels; 
(2) that there was only a difference of 2:3 mg. per 
cent. and 1-4 mg. per cent. respectively between case 
A and B, who died, and case C who survived; 
(3) that in the survivors the blood bromide level 
took more than 12 days to reach a normal level. 

Further research is necessary before it is known 
whether any of the above findings are significant, 
because: (1) the readings as a whole are very low; 
(2) the normal blood bromide figure is up to 1-5 mg. 
per cent.; (3) the rate of excretion of inorganic 
bromide at low levels has been found to be very 
slow in cases of potassium bromide poisoning; 
(4) in case D there was no parallelism between the 
blood bromide level and the severity of the 
symptoms. 

This raises the question of individual suscepti- 
bility to methyl bromide. Striking examples are 
often referred to in the literature where two people 
have apparently been exposed to similar poisonous 
concentrations of the vapour, one succumbing and 
the other showing no symptoms. As has already 
been mentioned, there is great difficulty in assessing 
the actual concentration to which any given indi- 
vidual has in fact been exposed. Nevertheless, in 
case D it must either be assumed that a raised blood 
bromide level was of no significance or that she 
possessed a degree of tolerance which was not 
present in the three male cases. 





* Determined by the processes of Dudley et al. (1940) and con- 
firmed by the method of Friedman (1942). The references show that 
the analysis determines the level of the non-volatile bromide in the 
fluids concerned and not, as was first thought, the actual methyF 
bromide content. 














Pathological Findings. The post-mortemexamina- 
tion in case A shows similar findings to those else- 
where in the literature. It is of interest that albu- 
minuria was not present in view of the degenerative 
changes noted in the kidneys. Glaser states that 
albuminuria is usual, but it has not been described 
in any of the cases in the literature to which we 
have been able to refer. A cerebro-spinal fluid 
examination was not done in any of our cases, but 
in other series it has been shown to be normal. 

Treatment. No effective treatment has yet been 
discovered when fits supervene, although in the 
literature morphia, oxygen, artificial respiration, 
lumbar puncture, venesection and adrenalin are all 
mentioned. Although continuous oxygen and 
chloroform was not successful in either of the fatal 
cases described in this paper, yet in case A it ap- 
peared definitely to prolong life, and it would appear 
rational to persevere with this treatment continu- 
ously up to a period of 24 hours or more if neces- 
sary. Chloroform can be given without any excep- 
tional risk to the liver. Statements in the early 
literature inferring that methyl bromide is a liver 
poison are probably due to the fact that there was 
associated carbon tetrachloride poisoning. The 
post-mortem report in case A of our series showed 
minimal liver damage only. 

Mild cases of methyl bromide poisoning need no 
special treatment other than fresh air and rest in 
bed, for at least 48 hours; a period of at least 2 or 
3 weeks convalescence is, however, essential, in view 
of the frequency with which depression, irritability 
and other anxiety symptoms may occur. 

The moderately severe case of methyl bromide 
poisoning presents the most difficult problem, as 
there is always the possibility for 48 hours that fits 
may occur. On the assumption that it is the 
‘ methyl ’ radicle which is responsible for the delayed 
poisoning effects, substitution therapy with methyl 
alcohol was suggested, though it has now been 
worked out that the amount of alcohol required to 
dissolve the methyl bromide would kill the man. 

Skin lesions resulting from liquid methyl bromide 
heal readily; chlorbutal ointment has been used 
with good effect to relieve pain. 

As almost all recorded cases of methyl bromide 
poisoning, both before and during this war, have 
been due to accidental escape of vapour and not as 


-Floret, E. (1915). 
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a result of actual fire-fighting, the most hopeful line 
of treatment lies in prevention, with better super- 
vision of fire-fighting apparatus, and familiarization 
of personnel with the symptoms of the poison. 
Further research to produce a less toxic and equally 
efficient substitute is also indicated. Alternatively, 
a substance with a warning smell might be put into 
existing stocks of methyl bromide, though if this 
were done it would seem advisable to give the 
product a completely different name, so that no 
misunderstanding could arise in ships already sup- 
plied with the odourless gas. Personnel would also 
have to be informed that in respirators the warning 
smell would probably not be noticed. 


Summary 


Four cases of methyl bromide poisoning have 
been described. They occurred as a result of 
leakage of the fire-fighting apparatus in one of 
H.M. ships. 
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METHYL BROMIDE INTOXICATION 


BY 


H. WYERS 


From the Health Department, May and Baker Limited, Dagenham 


The first known cases of methyl bromide poisoning, 
occurring in 1893, were two in number and were 
recorded by Jacquet in 1901. By 1934 Carozzi had 
been able to collect 27 cases, 5 of which were 
doubtful. Since then a number of established cases 
have occurred and this paper contains a review of 
the present knowledge of methyl bromide intoxica- 
tion and records nine further cases. 


Chemistry 


Methyl bromide (CH;Br), molecular weight 94, boils 
at 45° C., below which temperature it is a colourless, 
mobile liquid with a specific gravity of 1-732 at 4°C. 
The specific gravity of the gas at normal temperature 
and pressure is 3-27 (air=1). It is colourless and has 
a faint, somewhat elusive, agreeable odour; but some 
commercial products used abroad possess a more pene- 
trating odour owing to the presence of impurities. 
Familiarity lessens the acuity of the sense of smell in 
detecting its presence. It has a low water solubility, 
high chemical stability and no flash point. 

Manufacture is generally carried out by heating at 
130°C. methyl alcohol with sodium or potassium 
bromide in excess of sulphuric acid, the chemical reaction 
being indicated thus: 


CH,0OH-+ NaBr+ H.SO,—-CH;Br+H,0+NaHSO,. 


The gas is washed and then condensed in refrigerator 
coils surrounded by brine; CO, snow may also be used 
in small-scale trials. In this liquid state it is delivered in 


steel or copper cylinders to distributors who transfer it ° 


to smaller containers, with added nitrogen pressure. In 
the presence of oxygen, methyl bromide is decomposed 
by heat into hydrobromic acid, carbon dioxide and 
water. If air is restricted, a certain amount of carbon 
monoxide is likely to be formed. When the source of 
heat is a wood fire carbonyl bromide (bromophosgene), 
the less toxic representative of carbonyl chloride (phos- 
gene) in the bromine series, is formed. If the source of 
heat is hot iron or a gas flame, free bromine may be 
liberated. Hydrolysis results in methyl alcohol and 
hydrobromic acid, a fact which may be of some import- 
ance in the toxicology of the substance. 


CH,Br+H,0—CH,;OH-+ HBr. 


Uses 


The principal use to which methyl bromide is put 
in this country is that of extinguishing fires. Bulk 
for bulk, less is required for the purpose than any 
other known substance. It has, further, the advan- 
tage of being self-trajectory. A mixture with 
carbon tetrachloride is frequently used. Especially 
is methyl bromide recommended for fires involving 
celluloid or volatile hydrocarbons. 

In America it is used effectively as a refrigerant. 
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Lethal effects upon insects and their larvae, rodents, 
nematodes and yeasts have commended its use for 
the delousing of clothing. For delousing, a 20 c.c. 
fabric protected ampoule is buried in the depths of 
one man’s clothing, thé ampoule broken by pressure 
with the foot and the whole (with equipment, in the 
case of a soldier) put into a tent of specially prepared 
material or in a concrete bin. After a lapse of some 
hours, the clothing is removed and hung on a line 
to aerate. 

Other uses are fumigation of warehouses, flour 
mills, railway food vans, greenhouses and even of 
the soil itself. Its swiftly penetrating powers enable 
it to attack pests in stacks-of grain, the pulp of 
fruits or the depths of a cheese in effective concen- 
tration and thereafter to dissipate quickly without 
detriment to germinating plants, with no harm to 
the consumer and little or no deterioration in 
flavour. As there is no fire hazard its value to the 
warehouseman is therefore considerable. It may 
ultimately have the effect of saving quarantine. 
Other uses of interest to the hygienist are the control 
of bed bugs (cimex lectularius) and plague, the latter 
by destruction of rats and ground squirrels together 
with their parasites. Before its dangerous pro- 
perties were fully understood, a proposal was made 
to utilize the refrigerant effects of methyl bromide 
for local anaesthesia, but fortunately this was never 
put to the test. 

The chemical industry has made use of methyl 
bromide as a methylating agent, but the iodide is 
usually preferred owing to its higher boiling point. 
Colour manufacturers also find uses for it. 


Incidence of Intoxication in Industry 


Constitutional symptoms of poisoning are experi- 
enced mainly among men engaged on manufacture; 
dermatological cases occur principally among those 
who fill small cylinders for distribution from the 
larger ones received from the manufacturer. The 
principle sources of danger are as follows: 


1. Defects in Plant. Such faults as ill-fitting joints, 
fractures in delivery tubes, drips from delivery tubes, the 
displacement of vapour-laden air from collecting vessels 
are among the commonest. The great volatility of 
methyl bromide permits large quantities of gas to escape 
through a small leak. The odour is faint. Indeed, 
some are unable to perceive it at all and successive 
exposures dull the olfactory sense to its presence. Its 











low viscosity when in liquid form makes the prevention 
of drips from delivery tubes a formidable problem. 

2. Poorly Disposed Plant. Any process, whether of 
manufacture or filling, which is carried out inside a 
building is potentially dangerous. Similarly, great pre- 
cautions are necessary if methyl bromide is used to 
extinguish a fire in an enclosed space. Warning notices 
should be posted when fumigation is in process. 

3. Cylinders of methyl bromide are liable to burst if 
the temperature is unduly raised. The liquid is then 
projected on to persons in the vicinity where rapid 
volatilization may cause poisoning. 

4. Defects of the Workman. Careless or accidental 
overflow from a still or spilling of the liquid, failure to 
realize the dangerous character of the substance, insuffi- 
cient training and experience in chemical process work, 
fumigating singly instead of in pairs, neglect of pro- 
tective clothing such as masks and gloves and failure to 
ventilate fumigated rooms are the chief causes of 
poisoning. 


Clinical Picture 

Systemic effects are produced by inhalation of 
the gas and are manifested in the central nervous 
system; skin lesions arise through contact with the 
liquid or vapour. Cases of poisoning are commoner 
in warm weather than in cold seasons. Three 
stages in the progress of the disease may be 
described : 


1. Premonitory Stage. After an incubation period 
lasting from 4 to 48 hours, the patient is affected by 
dimness of vision, diplopia, amblyopia, possibly lachry- 
mation, staggering gait, headache, vertigo, vomiting, 
dilated pupils, perhaps euphoria and sometimes syncope. 
This condition persists for a few hours or days. Re- 
covery may be complete or, after a brief remission, he 
enters the second stage. R6hrer (1920) emphasizes the 
importance of the remission, whilst Duvoir and others 
(1937) deny its existence. 

2. Stage of Cerebral Irritation. This may be ushered 
in by jerkiness of the muscles (RGhrer, 1920) or brachial 
monoplegia (Duvoir, 1937). The chief characteristics 
are epileptiform convulsions, delirium and even acute 
mania. The skin is pale, the temperature normal or 
subnormal and sweating is profuse. Ldoffler and Ritti- 
meyer (1920) have noted opisthotonos and trismus. It 
is in this stage that death commonly occurs. 

3. Recovery Stage. The succeeding symptoms depend 
on the part of the nervous system which bore the brunt 
of the attack and therefore these are variable. Optic 
atrophy has never been reported. Among the sequelae 
recorded in the literature are—hallucinations (Floret, 
1915); apathy (RGhrer, 1920; Goldschmidt and Kihn, 
1920; Floret, 1915; Duvoir and others, 1937; Jacquet, 
1901; and Bing, 1910); amnesia (Cade and Mazel, 1923); 
aphasia (Duvoir and others, 1937); inco-ordination 
(Cade and Mazel, 1923; Duvoir and others, 1937); 
polyneuritis with defects of sensation, and tremor of 
hands and tongue (Goldschmidt and Kiihn, 1920); 
insanity (Hamilton, 1925, 1934). The duration of this 
phase may last for months or even years. 


Skin Lesions. Susceptibility to skin lesions 
increases with length of exposure and warmth of 
the skin. The appearances are of two types: dry, 
eczematous, cracked skin due to abstraction of fats, 
and blisters which may be sub-epithelial or sub- 
cutaneous. In the last-named lesion Nikolski’s 
sign * may be elicited. The eczematous type may 





* Nikolski’s sign. If the tip of the observer’s finger is pressed on 
the skin of a patient with well-developed pemphigus, or dermatitis 
herpetiformis, or epidermolysis bullosa, the horny layer of the 
epidermis will be felt to slide on the underlying layers and may even 
be pushed off. 
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lead to a general sensitivity evidenced by erythema 
of any part of the body and puffiness of the loose . 
tissues of the eyelids. The incubation period in 
the formation of blisters varies, but is generally 
about 4hours. No case of constitutional symptoms 
from skin absorption has so far been recorded in 
the literature; and while the symptoms in case 4 
recorded below may have arisen in this way, the 
man was also exposed to methyl bromide in the 
atmosphere and inhalation is the more likely portal 
of entry of the methyl bromide. 

Burns with CO, snow may occur in men engaged 
on pilot trials or on the manufacture of methyl 
bromide in the laboratory. They can be differen- 
tiated from CH;Br blisters by the absence of pre- 
monitory pruritis and the tendency of the latter to 
form large blisters by coalescence of numerous pin- 
point vesicles. Surrounding redness and oedema 
are also less, whilst the blister fluid is more liquid 
with CO, burns. 


The following nine cases serve to illustrate the 
symptoms that may occur. There was vomiting in 
four instances; a drunken sensation and blurring of 
vision in three; giddiness, delirium and unconscious- 
ness in two; while tinnitus, convulsions, amnesia, 
thirst and abdominal pain each occurred in one 
patient. The most prominent physical signs were 
slow, hesitant or confused speech, staggering gait, 
tremor, inco-ordination as evidenced by the finger- 
nose test, and cyanosis. Skin lesions occurred in 
three patients and itching was a constant symptom; 
these lesions consisted either of large blisters or 
small herpetiform vesicles. Conjunctivitis occurred 
in one man as a result of a splash in the eye. 


Case Notes 


Case 1. (J.T. K. Male. Age 40.) Whilst carrying 
out repairs to an engine on a yacht on January 25, 1937 
a fire occurred which was extinguished by means of 
methyl bromide. It is estimated that a concentration of 
at least 60,000 p.p.m. by volume of methyl bromide in 
the atmosphere was attained. The hatchway in the roof 
of the engine compartment was open to the saloon and 
there was a small opening for ventilation at one end of 
the compartment. The patient continued to work for 
two hours after extinguishing the fire. He then com- 
plained of giddiness, vomited several times, became 
delirious and collapsed. 

On examination, the patient was cyanosed, respira- 
tions were very rapid and there were frequent, generalized 
convulsions. The pulse was accelerated. Pupil reflexes 
were present but in ordinary daylight were pin-point. 
No other abnormal neurological findings were elicited. 
Death took place about an hour later. 

At necropsy the lungs were found to be very congested 
and oedematous. The bronchi were inflamed. There 
was congestion and cloudy swelling of the kidneys and 
congestion of the brain and stomach. 


Case2. (J.A.S. Male. Age31.) He had formerly 
worked with benzene for nine years, but had been 
engaged on the manufacture of methyl bromide for six 
weeks. His job consisted in wheeling ice along a 
draughty passage to the plant, which was in the open 
air. Once or twice during each shift he entered a 
chamber of 200 cubic feet capacity to run liquid methyl 
bromide into a cylinder. The chamber was exhausted 
by a fan at the rate of 580 cubic feet per minute, the fan 
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being placed near the floor. The night temperature for 
the 9th-10th:January, 1939, was 42° F. (5:5° C.), i.e. 1° C. 
above the boiling point of methyl bromide. 

During the night 10th-11th January, the patient ex- 
perienced occasional blurring of vision and tinnitus. 
On the morning of the 11th, as he was going home from 
work, he felt giddy and was affected by temporary blind- 
ness which lasted several minutes. He felt like a drunken 
man and had to cling to a lamp-post. Recovering 
somewhat, he made his way home by train and that 
evening vomited several times. He felt weak, giddy and 
faint. Of events between the 11th and 16th his memory 
was a complete blank. 

Examination on the 11th showed him to be drowsy, 
slow and hesitant of speech, there were coarse tremors 
of the hands, dilatation of the pupils and general muscular 
weakness. A curious kind of euphoria was noted. 
Neurological examination was negative. Cerebrospinal 
fluid appeared to escape under pressure through the 
needle. It was found to contain:—total protein, 
40 mgm./ml. ; globulin, nil; sugar, 91 mgm./ml.; urea, 
32 mgm./ml.; chlorides, 740 mgm./ml.; cells—W.B.C., 
2/c.mm., R.B.C., 20/c.mm.; blood sugar, 100 mgm./ml. 
The patient made a full recovery. 


Case 3. (H. W. B. Male. Age 35.) Had worked 
on the manufacture of methyl bromide since October, 
1938. He left for work on the evening of the 16th 
October, 1939, feeling perfectly well. The last thing he 
remembered was returning home for his (civilian) gas 
mask. In the early hours of the following morning he 
was found lying unconscious on the ground, near the 
plant. On admission to hospital at 7.15 a.m., on the 
17th October, 1939, he was unconscious, cyanosed, 
sweating profusely and having epileptiform convulsions 
every 10 minutes. Oxygen was administered with some 
apparent benefit. On lumbar puncture, the fluid did 
not escape under pressure. It was opalescent, watery 
and contained small flakes. A centrifuged specimen 
showed only a few lymphocytes. Protein amounted to 
45 mgm./100 ml. Sugar content was normal. Bromine 
content was 16 mgm./100 ml. (normal, 1 mgm.). Blood 
count :—R.B.C., 44 million; W.B.C., 9,800; poly- 
morphs, 90 per cent.; lymphocytes, 8 per cent.; mono- 
cytes, 2 per cent.; eosinophils, nil. Blood sugar, 
80 mgm. Blood urea, 65 mgm. on 18.10.39; 45 mgm. 
on 20.10.39. 

During the 17th and 18th he was delirious. On the 
19th he was drowsy, his speech slow and he tended to 
stammer, but he could answer questions intelligently. 
Complete amnesia was present for events since he had 
left his home on the evening of the 16th. He had experi- 
enced bizarre dreams. The fingers and tongue showed 
a coarse tremor; he was unable to shave himself or 
write. There was marked inco-ordination with the 
finger-nose test. The abdominal reflexes were not 
elicited and the left plantar reflex equivocal. He com- 
plained that lemonade tasted like ‘ rotten cabbages ’ and 
cigarettes like ‘rotten leaves.’ He appeared to enjoy 
both food and tobacco whilst in hospital. 

By July, 1940, he had made a fair recovery and was 
working, but not at his old job. His speech was slurred 
and jerky. He appeared to split all movements into 
their component parts and having once initiated a move- 
ment found difficulty in controlling it. Thus, his writing 
was laboured and the pen tended to fly off the paper 
with up-strokes. When he grasped the rail of a bus in 
the act of boarding it, he found he could not let go. On 
taking coins from one hand to the other he sometimes 
jerked a coin into the air. If he was walking and turned 
sharply, his knees gave way, causing him to fall. Adiodo- 
kokinesis was present. Rombergism was not elicited. 
The deep reflexes were brisk; ankle clonus was present 
on the left side. Abdominal reflexes had returned. 
Pupillary reactions were normal as were his discs. He 
was possessed of a sense of inferiority and his self-respect 
seemed to have suffered an injury. Full recovery took 
place when a voluntary monetary settlement was made 
in 1943. 





Case 4. (A. M. Male. Age 27.) Engaged as a 
filler on a methyl bromide plant from the 18th to 30th 
October, 1939. The job was carried out in the open 
air. A thick-walled rubber tube was securely fastened 
to a copper bottle and after exhausting the air from the 
bottle liquid methyl bromide was run in under 50 Ib. 
per square inch pressure of nitrogen. When the tube 
was removed, a few drops of methyl bromide were liable 
to drip on to the backs of the operator’s hands. The 
patient had not worn gloves and this accident had 
happened several times. 

On the 30th October, 1939, a considerable quantity of 
methyl bromide was spilled on to the backs of both 
hands. Some hours later, on the same day, he experi- 
enced upper abdominal pain and vomited. He felt 
drowsy and ‘muddled.’ His gait was staggering. 
Blisters were present on the backs of his hands near the 
webs of the fingers when he was admitted to hospital on 
the 31st. He discharged himself the following day, 
saying he felt quite well. On the 2nd November, he 
complained of thirst, weakness, anorexia and was unable 
to sleep. By the evening he was mildly delusional. 
Neurological examination was negative. The urine was 
normal. He was fully recovered by the 10th and only 
ol ragged tags of epithelium marked the sites of the 

isters. 


Case 5. (B.F. Male. Age 17.) Worked in a fully 
enclosed filling shop for 18 months, during 3 months 
of which he had actually worked as a filler. Carbon 
tetrachloride was also used in a mixture with methyl 
bromide and the machine for filling this mixture was 
situated next to one which delivered methyl bromide 
only. Drips collected in the seals on the bottles and 
were shaken down on to the floor in an enclosed space 
exhausted by a powerful exhaust system. The pure 
methyl bromide was coloured and the sides of the bottles 
were liberally stained. A year before his illness he had 
suffered from a crop of blisters on his hands which were 
ascribed to contact with methyl bromide. 

During August, 1944, he began to experience weak- 
ness in his knees which was particularly noticeable when 
he made a sharp turning motion. On one occasion, 
whilst running for a bus, he actually fell. He began to 
see double. His appetite was good and he slept well; 
there was no headache, nausea or vomiting. As time 
went on it was noticed that he tended to stagger ‘ like 
a drunken man’ but he did not feel giddy. He began 
to stammer. On the 6th September his memory was 
affected; he could not remember the numbers of his 
bottles. He could usually see clearly when looking 
straight in front. When he looked at the ground he 
could only ‘see light’ for a minute or two and then 
objects were perceptible but blurred. After three days” 
rest in bed he recovered and returned to work on the 
28th October. No opportunity was found to examine 
him prior to that date when he said he felt better than 
ever and no objective signs could be elicited. 


Case 6. (D. R. G. Male. Age 25.) Foreman, 
filling plant. On the 12th June, 1940, he remembered 
spilling some methyl bromide on to his boots. On the 
15th he noticed considerable irritation between his toes 
and on the dorsum of his feet. Blisters were present on 
the 16th, when itching ceased. Healing had taken place 
by the 22nd except for a deep fissure between the fourth 
toe of the right foot and the sole, which took some 
weeks to heal. 

On the “29th June, 1940, he spilled some methyl 
bromide on his hands. About 5 or 6 hours later itching 
of the fingers was intense. The skin of the fingers 
became swollen, tense and congested and pin-point 
vesicles appeared on the sides and webs of the fingers 
the following day. The vesicles rapidly increased in 
size and appeared to run together so that by the 2nd 
July he had several blisters a centimetre in diameter. 
Meanwhile, the itching had subsided. On the 6th July 
an erythematous, papular rash appeared on the flexor 
aspects of his forearms and on the extensor aspects of 
his legs. He did not feel well and had no inclinatior 
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for food. The condition spread to his shoulders and 
chest and reached its height by the 8th July, gradually 
subsiding until the whole condition was well by the 
18th July. 


Case 7. (J. F. Male. Age 40.) Manufacturing 
plant. At 4.15 p.m. on the 17th July, 1943, he removed 
some caustic soda, with the right hand gloved, from a 
scrubber containing methyl bromide vapour. About a 
quarter of an hour later the back of the hand began to 
itch. At 8 o'clock it was red, swollen and showed 
numerous pin-point vesicles. At this stage itching 
ceased. An hour later the vesicles appeared to have 
coalesced so that one huge blister enveloped the back of 
the hand and fingers. The contents of the blister were 
pale straw in colour and gelatinous. Paracentesis only 
resulted in rapid replacement of the contents and the 
condition remained stationary for three days until the 
epithelium was removed. After that, progress was rapid 
and full recovery had taken place eight days after the 
accident. 


Case 8. (L.G. Male. Age 30.) Filler. Received 
a splash of methyl bromide in the right eye. Pain was 
immediate and conjunctivitis rapidly developed, sub- 
siding without corneal ulceration or constitutional 
symptoms, in three weeks. 


Case9. (A.B. Male. Age 32.) Applied his mouth 
to a tube connected with a cylinder of methyl bromide 
and opened the stop-cock, thinking he could raise suffi- 
cient pressure in the tube to prevent the substance 
entering his mouth. In this his expectations failed to 
materialize and his mouth was forcibly filled with methyl 
bromide. He asserted he swallowed some of the fluid, 
but his reaction to the incident was so violent that this 
is doubtful. The only effect appeared to be an intense 
thirst which cleared up in a few days and he returned to 
work in a week. 


Pathology 

Pathological findings are obscure but it would 
seem, both from animal experiments and in man, 
that if a satisfactory technique is used, an increased 
bromine content can be demonstrated in the cerebro- 
spinal fluid. In RGhrer’s (1920) case the differential 
blood count showed 40 per cent. mononuclears. 
There was no abnormality of the red cells. Albu- 
minuria was present, but no sugar or acetone. The 
autopsies in the two fatal cases of Goldschmidt and 
Kiihn (1920) showed acute purulent bronchitis, 
inflammation and oedema of the lungs, dark-red 
fluid blood and slight fatty degeneration of the 
ganglion cells of the brain. In the case recorded 
by Loffler and Riitimeyer (1920) albuminuria was 
present and there was a polymorphonuclear leuco- 
cytosis. The fatal cases recorded by Duvoir and 
his associates (1937) revealed intense congestion 
of the internal organs, particularly of the lungs. 
Alice Hamilton (1934) records congestion and 
oedema of the lungs, injury to the vascular system 
as shown by the tendency to haemorrhages, and 
degenerative changes especially in the kidneys. 


Mode of Action 

The following theories have been advanced to 
explain the mode of action of methyl bromide: 

1. The substance enters the circulation unchanged 
and attacks the central nervous system by virtue of 
its lipide solvent properties. Unsaturated fatty acids, 
present in phospholipides, are readily halogenated, 
forming additional products at their double bond, 
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thus: R—CH :CH—R + Br.>R—CHBr—CHBr—R. 
If lecithin be taken as an example, its function in the . 
production of acetyl choline and consequent trans- 
mission of nerve impulses would be seriously 
impaired. 

2. It has been shown that the class of halogenated 
compounds to which methyl bromide belongs, may 
be hydrolysed in the body to methyl alcohol and 
the halogen acid. The toxic effects of methyl 
bromide might then be ascribed to hydrobromic 
acid, but the characteristic effect of methyl alcohol, 
optic atrophy—a phenomenon not so far known to 
occur—would also be expected. Also, if poisoning 
occurred by this disintegration the relative toxicities 
of the series would be in the order of their molecular 
weights, which is not the case. Moreover, Irish, 
Adams, Spencer and Rowe (1940, 1941) have shown 
that the toxicity of methyl alcohol and sodium 
bromide administered separately to rabbits is not 
comparable to an equivalent amount of methyl 
bromide. 

3. Henderson and Haggard (1937) suggested that 
whilst the dissociated bromine ion remains in the 
extracellular water, the undecomposed methyl 
bromide may (like many hydrocarbons) pass the 
cell membrane. Intracellular decomposition might 
then yield more severe and perhaps unique effects 
from the bromide with retarded elimination. 


Effects upon Animals 


Animal experiments have provided useful com- 
mentary on the clinical and pathological findings in 
men. LOffler and Riitimeyer (1920), experimenting 
on guinea-pigs, found that if an animal lived 30-70 
minutes after exposure to methyl bromide in gaseous 
form, no bromine could be demonstrated in the 
body; but if the animal were killed immediately 
after exposure, bromine could be demonstrated. 
Glaser and Frisch (1929) showed that animals 
tolerate larger concentrations of methyl bromide 
for a short time better than lower concentrations 
for long periods. Sayers, Yant, Thomas and 
Berger (1929) found that the symptoms of poisoning 
in guinea-pigs were excitement, loss of equilibrium, 
struggling, weakness, rapid pulse, convulsive and 
rapid respirations, rales and in some cases a frothy, 
bloody exudate from the nostrils. Nuckolls’s (1933) 
experiments on 12 guinea-pigs, exposed in groups of 
three, to increasing concentrations for different 
periods of time, indicated increasing local effects on 
the skin and mucous membranes such as scratching, 
lachrymation, sniffing, coughing and retching. 
Other effects were tremors, weakness and lethargy. 
Sayers and his colleagues (1929) summarize the 
pathological findings in guinea-pigs as degeneration 
of heart muscle, congestion of the lungs with 
haemorrhages and oedema, congestion and de- 
generation of the liver, which is occasionally slate- 
grey in colour, and congestion of other viscera such 
as the pancreas, kidneys, intestines and brain. In 
general, it was found that the changes were most 
severe in animals which die within 24 hours following 
long exposure to low concentrations. In many 
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cases there appeared to be a delayed action. Her- 
mann and Vial (1935) produced ventricular fibril- 
lation in chloralosed dogs poisoned by methyl 
bromide. Duvoir et al. (1937) produced symptoms 
in rabbits similar to those they had observed in men. 


Effects on Vegetables and Organic Materials 


The effects of methyl bromide on materials are 
of interest in their relation to work such as the 
delousing of clothing and on account of blisters on 
the feet of workmen whose boots have been con- 
taminated by methyl bromide. Fruits and vege- 
tables were used by Dudley (1939) in a series of 
tests. He fumigated samples for 2-24 hours with 
2 lb. of methyl bromide in 100 cubic feet of air. 
Absorption took place up to 6 or 7 mgm. of methyl 
bromide per 100 gm. of sample. Much of this was 
lost in 48 hours. Concentrations used for fumiga- 
tion vary from 1 to 5 Ib. per 1000 cubic feet for 
periods lasting from 14 to 24 hours. Substantially 
increased amounts of bromide were found by 
Anderson (1941) in fumigated wheat and flour, but 
he did not consider the amounts harmful to the 
consumer. Nevertheless, he thought that repeated 
fumigation might not be without danger. Knott 
and Claypool (1941), in studies on the respiration 
rate of mature green tomatoes, found a sharp in- 
crease in the CO, output, amounting to as much as 
300 per cent. 


Plant Hygiene and Preventive Measures 


As with most industrial aiseases, hygiene of the 
place of work is of much greater importance than 
treatment. Here it resolves itSelf into the pre- 
vention of leaks and adequate dilution of escaping 
gas. The siting of plant in the open air, preferably 
in a passage between two buildings where a current 
of fresh air can be relied upon, is of the greatest 
importance. Cylinders of methyl bromide should 
not be stored in a workroom. Instruction to 
chemists and workmen in the dangerous properties 
of the substance is of first importance. The inci- 
dence of poisoning among inexperienced workmen 
is strikingly higher than among old hands. It 
should be the responsibility of one man to issue, 
examine periodically, and repair gas masks. This 
work may readily be combined with the maintenance 
of other apparatus, such as eye douches and first- 
aid boxes in other parts of the factory, medical 
stores and assistance in the health department. 
Some care and experience is necessary to maintain 
gas masks in a safe condition. The most insidious 
defect is the partial transverse fracture in corruga- 
tions of the rubber tube. In the normal position, 
the crack is.invisible and closed, but on bending the 
tube, as may happen at intervals when the mask is 
in use, a gap appears through which dangerous 
quantities of gas may penetrate to the lungs of the 
workman. Temporarily sealed joints are the 
weakest points in what should be the closed system 
of the manufacturing or filling plant. 

Where possible, pipework should be of copper, as 


this metal does not flake and block delivery tubes. 
Plastic, heavy rubber or neoprene tubing may be 
used. Methyl bromide has a solvent action on 
grease and gasket materials. A good grade of soap 
should therefore be used for the lubrication of 
threaded pipework; and sheet lead, soft copper, 
leather or hard felt for gasket materials. Neoprene, 
sponge or hard rubber tend to soften when exposed 
to methyl bromide under pressure. The use of the 
halide leak detector lamp has not fulfilled expecta- 
tions, but improvements may be anticipated. 

It has been suggested that volatile colouring 
agents or substances with penetrating odours or 
lachrymatory effects might be added to methyl 
bromide as safety measures. Technical difficulties, 
however, are very great. The colouring substance 
would require to be at least as volatile as the sub- 
stance it was intended to betray, whilst an odour 
should be of such a character that it did not escape 
too readily and yet would give sufficient warning of 
danger. Colouring matter is, indeed, frequently 
added but only for the purpose of indicating material 
which has been sprayed by an automatic, thermo- 
statically controlled extinguisher and so give notice 
not only that a fire has occurred but also that the 
extinguisher must be replenished. Periodic medical 
examinations help not only in the detection of early 
or slight symptoms, but a sympathetic hearing of 
the workers may lead to the repair of dangerous 
mechanical parts. If many of these latter com- 
plaints are without foundation they are still worth 
while if they do, on occasion, lead to some important 
preventive measure. Bathing the hands in a weak 
solution of sodium carbonate may help to prevent 
skin lesions by promoting the decomposition of 
methyl bromide. 


Treatment 


Little can be done in the way of treatment when 
symptoms are established. Oxygen may be adminis- 
tered if there iscyanosis. Lumbar puncture should 
be carried out for diagnostic purposes. Ammonium 
carbonate may be given in the hope of decelerating 
vascular damage; adrenalin has no effect in this 
direction and may, indeed, produce fatal ventricular 
fibrillation. 


Safe Concentrations 


A safe concentration for methyl bromide has not 
so far been established. Henderson and Haggard 
(1927) classify it as belonging to that group of 
anaesthetic gases and vapours in which the toxic 
properties are in inverse proportion to the anaes- 
thetic values, in contradistinction to the primary 
anaesthetics. They consider methyl bromide 14-5 
times as toxic as carbon tetrachloride after brief 
exposures, but it is only twice as toxic for prolonged 
exposures. The difference is perhaps accountable 


by the fact that the effects on the nervous system by 
methyl bromide are evident within a period of days, 
whereas the toxic effects of carbon tetrachloride on 
the liver are only evident when the reserve of that 

















organ is exhausted. The National Safety Council 
of the U.S.A. regard 1000 parts per million as the 
upper limit for carbon tetrachloride in the avoidance 
of acute poisoning. Davis (1934) and Smyth and 
Smyth (1936) regard 100 parts per million as the 
upper limit for 8-hour exposures. According to 
Henderson and Haggard’s (1927) data, therefore, 
70 parts per million would be the upper safety limit 
for short exposures to methyl bromide and 50 parts 
per million for 8-hour exposures. 


Medico-legal Aspects 


Compensation for methyl bromide poisoning is 
regulated by the Workmen’s Compensation (Indus- 
trial Diseases) Order, S. R. & O. No. 642 of 1941, 
extending the provisions of Section 43 of the Work- 
men’s Compensation Act, 1925, to ‘ poisoning by 
methyl bromide or its sequelae.’ The second 
column indicates that poisoning must occur in 
‘any process involving exposure to the fume of 
methyl bromide.’ It must, of course, also conform 
to the other requirements of the Act. The Order 
came into force on June 1, 1941. The difficulties of 
proving an accident prior to that date had been due 
to such factors as the latent period before the onset 
of symptoms, the insidious character of the sub- 
stance which often defied any attempt to say how, 
when, or in what circumstances a spill or leak 
occurred and ignorance of the symptoms of poison- 
ing causing delay in making application for com- 
pensation within the statutory period. 

The disease is not included in the fourteen indus- 
trial diseases notifiable by medical practitioners to 
H.M. Chief Inspector of Factories in accordance 
with section 66 of the Factories Act, 1937, and 
Orders made under that section ; nor is it neccessary 
for the occupier to notify H.M. District Inspector of 
Factories and the factory Examining Surgeon. The 
provisions of section 64 of the Act with regard to 
accidents are also made to apply to the notification 
of the specified industrial diseases. It is also of 
importance to remember that the Dangerous Occur- 
rences Notification Order, 1935, No. 1046, pre- 
scribes that in the event of a ‘ container used for 
the storage at a pressure greater than atmospheric 
pressure of any gas or gases (including air) or any 
liquid or solid resulting from the compression of 
gas’ exploding, the fact must be notified to an 
inspector. 
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Summary 

Nine cases of intoxication from methyl bromide, 
occurring in industry, are reported. Vomiting © 
occurred in four instances; a drunken sensation 
and blurring of vision in three; giddiness, delirium 
and unconsciousness in two; while tinnitus, con- 
vulsions, amnesia, thirst and abdominal pain each 
occurred in one case. Slow, hesitant speech, stag- 
gering gait, tremor and cyanosis were the most 
prominent physical signs. Three men showed skin 
lesions, consisting either of large blisters or small 
herpetiform vesicles. Itching was a characteristic 
of these lesions. One man developed conjunctivitis 
as a result of a splash in the eye. 

Death occurred in one case. Necropsy revealed 
congested and oedematous lungs, cloudy swelling in 
the kidneys and congestion of brain and stomach. 

A bromine level of 16 mgm. per 100 ml. was 
found in the cerebro-spinal fluid in one man. 

The -uses, incidence of intoxication, pathology, 
prevention and treatment are discussed, and the 
literature is reviewed. There is a note on medico- 
legal aspects. 

The safe concentration of methyl bromide in the 
atmosphere was estimated to be 70 parts per million 
for short exposures, and 50 parts per million for 
exposures of 8 hours. 
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METHYL BROMIDE BURNS 


BY 


E. C. B. BUTLER, KENNETH M. A. PERRY and J. R. F. WILLIAMS 


From Claybury Emergency Hospital and the Department for Research in Industrial Medicine 
(Medical Research Council), The London Hospital 


Methyl bromide (CH;Br) is a colourless, odour- 
less gas at normal temperatures and pressures. It 
has a boiling point of 4-5° C., and a melting point 
of —93°C. Its molecular weight is 94-94 and its 
specific gravity at O°C. is 1-732. At ordinary 
temperatures, therefore, it is approximately three and 
a half times as heavy as air. It is a highly stable 
compound chemically, and while only slightly 
soluble in water, it is soluble in most organic sol- 
vents. Because of its great density it has been 
extensively used as a fire extinguisher, and in this 
capacity it is especially valuable in dealing with 
fires where high octane motor spirit is involved; 
the methyl bromide forms a cloak around the 
fire and thus excludes oxygen. An added advan- 
tage is that there is no risk of explosion when 
it is used. During manufacture it is compressed 
and put into containers as a liquid. When required 
for use it escapes as a liquid but soon vaporizes if 
the temperature is above its melting point. Besides 
its use as a fire extinguisher, it is also used as a 
refrigerant, as a fumigant, and as an insecticide. In 
the latter capacity it is valuable for exterminating 
lice and bed bugs, besides pests which may invade 
foodstuffs. 

Since Jaquet in 1901 drew attention to the 
poisonous action of methyl bromide by inhalation, 
there have been many accounts of intoxication by 
the drug. Very little has, however, been written 
about the effect of liquid methyl bromide on the 
skin. Billet and Abel (1940) reported the case of a 
* chasseur ’ who extinguished a fire in an armoured 
car with a methyl bromide fire extinguisher. He 
developed signs of intoxication but also showed a 
scarlatiniform rash on his arms and stomach, and 
extensive burns on his feet, which took over four 
weeks to heal. Watrous (1942) in a study of 90 
workers engaged in the filling and sealing rooms of 
a factory manufacturing methyl bromide, found 22 
cases showing skin lesions. Four of these had 
blisters which healed without dermatitis ; 11 had 
both blisters and dermatitis, and 7 had dermatitis 
only. Similar lesions have also been noticed in 
factories manufacturing methyl bromide in England. 
Liquid methyl bromide spilt on the skin evaporates 
very quickly with a cooling but not a freezing sensa- 
tion like ethyl chloride. Small quantities produce 
no damage, but repeated application of small 
amounts or the single application of larger amounts 
give rise to characteristic changes in the skin. There 
is first tingling, then a sense of numbness, and finally 
aching pain. During these stages the skin first 
appears red and slightly swollen, but after 5—10 hours 


vesicles or blisters appear, according to the severity 
of the burn. The vesicles are frequently grouped 
together, sometimes resembling herpes. The blisters 
are markedly distended with clear straw-coloured 
fluid, but do not refill after aspiration. In less 
severe cases a fine papular or vesicular itching 
dermatitis may appear after about 7 days, and 
similar lesions appear as a late complication of 
healed blisters in severe cases, or at the periphery 
of the blisters. The dermatitis usually heals within 
7 days with conservative treatment: in most cases 
with considerable desquamation of the skin, similar 
to that seen after sunburn. The most troublesome 
feature of the dermatitis is inténse itching. Clarke, 
Roworth and Holling (1945) state that liquid methyl 
bromide in contact with the skin produces burns, 
and that it will readily pass through clothing, and 
even leather boots, but up to the present the French 
case is the only one of methyl bromide burns to be 
reported. Ethyl chloride is extensively used in 
hospitals as an anaesthetic and produces no damage 
to the skin. Ethyl bromide also appears to be 
harmless, the only similar organic substance which 
has a vesicant action is benzyl chloride, which also 
needs to be handled carefully. 

The following incident is therefore of interest. An 
armoured car was being driven from the north of 
England to a marshalling park in the south. On the 
journey a fuse in the electrical apparatus on the car 
caused a small fire to break out under the dashboard. 
Since the armoured car was carrying ammunition the 
outbreak was dangerous. The vehicle was stopped 
and the driver got out to direct the traffic. The 
second driver seized the fire extinguisher which con- 
tained 4 lb. of methyl bromide, and applied it to 
the fire which was successfully extinguished. In 
doing this he squirted some of the methyl bromide 
on his feet and into the well where the first driver 
sat. They took little notice of this and drove on 
for five hours to their destination. They then 
noticed that their feet were sore, and on removal of 
their anklets, socks and boots found them red, 
tender arid covered with enormous blisters. A 
peculiar, musty, pungent smell from their socks was 
noticéd when they arrived in hospital. 


Case Reports 


Case 1. H.S., aged 20, was the first driver of 
the vehicle. His general condition was good. He 
was apyrexial and the pulse rate was not increased. 
The dorsum of his right foot was red and swollen, 
while the dorsum of his left foot was grossly cede- 
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matous and covered with large blisters, the largest 
being 2 in. by 4in. These blisters were punctured 
and all dead epithelium removed, and the area was 
covered with 2 per cent. tannic acid in triple dye 
solution. Three days later there were no signs of 
general toxaemia or of local infection, so the foot 
was again sprayed with triple dye. Nine days after 
its first application the dye came off spontaneously, 
and the foot was healed except for a small area 
which healed in a further five days. He was dis- 
charged fit for duty after fourteen days. 


Case 2. R.B., aged 23, was the second driver of 
the vehicle. His general condition was good. He 
was apyrexial and his pulse was not raised. Both 
his feet were red and cedematous, but the burns 
which did not affect the whole thickness of the skin 
were more extensive than those in Case 1. This 
was probably due to the fact that he had more 
methyl bromide on his boots. The blisters were 
more extensive on both feet, the largest being 4 in. 
by 5 in. The calves of his legs were also affected. 
On the right foot the blisters were not punctured, 
except to obtain fluid for bacteriological examina- 
tion. It was found to be sterile. The foot was 
then cleaned with saline and sprayed with sulpha- 
thiazole powder containing 5 per cent. light magne- 
sium oxide and calcium penicillin 2,000 units per 
gram, over which tulle gras was applied. The 
powder was reapplied three times at 48-hourly 
intervals; each application resulting in local 
tingling. At the end of this treatment the foot had 
healed except for a small raw area near the heel 
which was slightly infected. Culture from this area 
was sterile. It was then treated with applications 
of calamine lotion, but took seven weeks to become 
covered with epithelium. The left foot was cleaned 
with saline but the blisters were not touched. The 
whole area was covered with propamidine isothio- 
nate cream (Lannette wax, castor oil and water). 
This was re-applied every 48 hours for three applica- 
tions. At the end of this time the whole area was 
healed except for one small red area. No area was 
without epithelium. There was no pain through- 
out treatment. Five weeks after his admission a 
papular eruption appeared on both legs, but this 
rapidly subsided on treatment with calamine lotion. 
He was discharged after eight weeks, fit for duty. 


Characters, Prevention and Treatment 


Methyl bromide burns do not extend deeply into 
the tissues. They are characterized by excessive 
vesication with reddening and swelling of the sur- 
rounding skin, but they rarely extend deep enough 
to destroy the whole skin. It is apparent that the 
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damage is caused by a chemical and thermal re- 
action, and is brought out by the methyl bromide 
being absorbed in the superficial layers of the skin. 
Any influence retarding evaporation, such as soaked 
clothing, will favour absorption by prolonging the 
time of contact. Methyl bromide also dissolves 
rapidly in rubber and adhesive tape, and Watrous 
(1942) refers to workers who acquired burns by 
resting their elbows on sponge rubber pads which 
could only have been contaminated by occasional 
drops of liquid methyl bromide. Skin beneath 
adhesive tape on which methyl bromide has fallen 
shows severe reactions. Liquid methyl bromide 
will pass through any type of material. In the case 
of these two soldiers the burns occurred through 
army boots and anklets. 

Attempts should be made to prevent these burns 
occurring, and in industry where the substance is 
manufactured this has been achieved. Notices 
should be placed on all methyl bromide fire extin- 
guishers warning users of the dangers of the sub- 
stance, and instructing them that should any of the 
liquid get on any part of their clothing the garment 
must be immediately removed and not worn again 
for at least 48 hours. No attempt should be made 
to protect the hands of workers with gloves, par- 
ticularly rubber gloves, and no one should be 
allowed to handle methyl bromide with surgical 
dressings on their hands. 

The three legs which were burnt and have been 
described above were treated in three different 
ways: by propamidine cream, 2 per cent. tannic 
acid in triple dye solution, and calcium penicillin 
powder. The leg treated with 2 per cent. tannic 
acid in triple dye solution cleared first, but it was 
the one with the least severe burns. All the methods 
were Satisfactory, but the propamidine cream prob- 
ably brought about the most rapid healing and was 
painless, whereas calcium penicillin caused con- 
siderable tingling after each application. 


Summary 

Liquid methyl bromide in contact with the skin 
causes superficial burns with much vesication. The 
substance will pass through all articles of clothing. 

Warning notices should be fixed on all fire extin- 
guishers containing the substance. 

Treatment with 2 per cent. tannic acid in triple 
dye solution, propamidine cream and calcium 
penicillin all produce satisfactory healing. 
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RADIOGRAPHIC AND HISTOLOGICAL APPEARANCES 
OF THE RAT LUNG AFTER INTRATRACHEAL 
INJECTION OF ROUGE (Fe,0;) 


BY 


H. E. HARDING 


From the Department of Pathology, Sheffield University 


The first published suggestion that some shadows 
in radiographs of lungs might be produced by iron 
oxide and not by fibrosis was made by Collis in 
1923, but Fawcitt (1943) quotes letters exchanged 
between Thurston Holland and Collis in 1919 when 
the possibility was discussed. In 1936 Doig and 
McLaughlin gave the first account of the x-ray 
appearances of the lungs of electric-arc welders, and 
suggested that these appearances might be due to 
iron deposits. Recently McLaughlin, Barrie, Grout 
and Harding (1945) have reported on the condition 
of the lungs of silver polishers, suggesting that these 
workmen have no industrial disability and that the 
radiographic abnormalities in their lungs are the 
result of iron oxide deposition without attendant 
fibrosis. A brief review of the literature of iron 
pigmentation of the lung is also given. Since this 
last paper was written, the lungs of two more silver 
polishers have been examined and found to show 
similar pigmentation without fibrosis. Since then 
the Miners’ Phthisis Bureau of South Africa (1944) 
report investigations on a native iron-ore miner 
whose radiograph at the end of 1937 showed a 
* generalized small mottling throughout the fields 
of both lungs ’; this man died from lobar pneumonia 
in 1939, and his lungs were found to have heavy 
deposits of haematite dust but no fibrosis. The 
report concludes that the ‘ mottling observed in his 
radiograph was due entirely to deposits of haematite 
in the lung substance and not to fibrosis.’ 

There are few papers describing the effects of 
iron oxide on the lungs of experimental animals, 
and no reports of the production of radiographic 
appearances corresponding with the reticulation or 
nodulation found in man. There is, however, 
general agreement that iron oxide does not produce 
fibrosis under the varied experimental conditions 
used. It is not proposed to discuss here the early 
histological picture, which is well described in the 
guinea-pig by Carleton (1927) and by Haynes (1931). 
Naeslung (1937, 1938) used a number of dusts, 
mainly derived from iron ores, in inhalation experi- 
ments on rabbits, and found fibrosis in the lungs of 
only those animals which had inhaled a silica- 
containing dust. He pictured the miliary accumu- 


lations of iron pigment, and noted that ‘a number 
of animals amongst which pneumoconiosis or 
silicosis was obvious on autopsy had shown no 
alterations of the lungs when x-rayed at the conclu- 
sion of the dust exposure.’ In a further experiment 
(Naeslund 1940), two rabbits inhaled a mixture of 
Fe,O; and Fe,O; for six months; when they were 
killed three months later the lungs are stated to 
have shown a slight general fibrotic change but no 
nodular fibrosis. Harrold, Meek and McCord 
(1940) exposed rabbits and rats to welding fumes; 
they noted that early diffuse pigmentation became 
more nodular with time, and that ‘no fibrotic 
changes or other pathology of a permanent nature 
ascribable to metallic fumes have been observed.’ 
They also said that ‘ x-ray examinations made on 
intact animals and on extirpated lungs yielded no 
positive results... Gardner and McCrum (1942) 
studied x-ray films of the distended lungs of 3 
cavies exposed to arc-welding fumes for 10 months 
and then kept in a normal atmosphere for another 
3 months. No pictures were given but they stated 
‘to our surprise it was possible to distinguish their 
films from that of a normal animal’s lungs. The 
great number of fine particles of high molecular 
weight cast a diffuse shadow which gave the lung 
fields a very fine grainy appearance.’ They found 
that the response to the metallic particles in the 
fume was that to inert foreign particles: ‘it con- 
sisted of simple phagocytosis without demonstrable 
effect upon the dust cells and without subsequent 
proliferation of fixed tissues.’ I agree with this 
statement. 


Method 

The rouge was a sample of the material used in 
the polishing of silver and was almost pure Fe.O3. 
Nine white rats, approximately 3 months old, were 
anaesthetized with ether and 0-5-1 ml. of a sterile 
5 per cent. suspension of rouge in physiological 
saline was injected into the trachea by a method 
similar to that described by Kettle and Hilton (1932). 
A variable quantity of rouge was returned almost 
immediately via the nostrils so that some animals 
retained only small amounts in their lungs. Five 
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Fic. 1.—Section of R.L.L. of treated rat. Fic. 2.—R.L.L. of control rat. 
(H.andE. x 5.) (H.andE. x 5.) 


Fic. 3.—Aggregates of dust-laden phagocytes close Fic. 4.—Aggregate beside a bronchiole. 
to large bronchus. (H. and E. x 200.) 
(H. and E, x 85.) 
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Fic. 5.—Granular character of pigment deposit, 
cellular reaction. 


(H. and E. x 400.) 


animals died within the first few days from pul- 
monary inflammations; it appears possible, as 
suggested by Carleton (1927) and by Haynes (1931), 
that rouge is mildly irritant in this early stage, 
certainly it collects in relatively greater amounts in 
inflamed areas of lung as was noted by Barclay, 
Franklin and Prichard (1940). Those animals that 
survived beyond the first few days appeared com- 
pletely healthy. After 32-37 weeks the survivors 
were anaesthetized with ether, the trachea tied in 
the neck and the great vessels in the abdomen cut 
as rapidly as possible. The trachea and thoracic 
contents were removed whole and fixed in formol 
saline. Radiographs of these specimens were taken 
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a few days later, and histological preparations were 
made after this. 


Results 


Only one of the three animals that survived for 
several months showed any appreciable amount of 
iron oxide in its lungs; this animal furnished the 
positive evidence presented here, the other two, 
together with several animals similarly injected with 
coal-dust.and a number of untreated animals of 
the same age, served as controls. This one animal 
showed scarlet red dots on the pleural surface 
especially of the right lower lobe, and within the 
substance of the lung when it was eventually cut 
into. No other animal showed anything similar. 

No suggestion of any fibrosis of the lung was 
detected macroscopically, and sections (figs. 1, 2) 
show that there is none microscopically: in fact, 
some of the control animals show slightly more 
connective tissue around the bronchi and large 
vessels. Pigment is found within phagocytic cells 
that are mainly aggregated in lymph spaces close to 
the bronchi (figs. 3, 4) or within the pleura. In 
some cells this pigment is granular (fig, 5), but most 
of these cells are so densely packed that no detail 
can be resolved. The pigment appears black with 
transmitted light; when stained with potassium 
ferro-cyanide and HCl in the ordinary way or by 
the modified technique of GOmori (1936) only a 
few granules show a blue colour (or; rather, a blue 
halo), the denser masses remain black. The pig- 
ment is still present after incineration of sections at 
500° C., and when viewed by reflected light appears 
bright red. 

Around these aggregates there is some increase of 
phagocytic cells but I cannot satisfy myself that 
there is any proliferation of fixed tissue cells; there 





Fic. 6.—Radiograph of thoracic contents of treated animal. 


(Positive print x 2.) 


Fic. 7.—Radiograph of control animal. 
(Positive print x 2.) 

















is no increase in fibrous tissue demonstrable by 
staining for collagen or for reticulin fibrils. 

Radiographs of the lungs (figs. 6 and 7) were 
examined by Dr. J. L. A. Grout, who reports that 
“very fine dense opacities are scattered over one of 
the lobes apparently near the surface. A careful 
examination with a lens shows a general intensifica- 
tion of the markings of the lungs, with some very 
fine and less dense opacities, which give a stippled 
appearance to the lobes.’ The dense opacities 
almost certainly represent the subpleural aggregates, 
a ‘ pleural drift ’ of particles of dust in the lungs has 
been noted by several investigators. The stippling 
results from the numerous small aggregates in 
lymph spaces alongside bronchi; it is not unlike a 
miniature ‘ snow storm,’ and I take it to correspond 
in miniature to ‘nodulation’ in a radiograph of 
a human lung. 


Discussion 


The radiographical appearances, which are com- 
parable with the reticulation or nodulation seen in 
films of human lungs in many industrial diseases or 
conditions, here obviously result solely from the 
aggregates of iron oxide. Fibrosis plays no part 
in the production of the radiographic picture, since, 
in fact, under the conditions of this experiment iron 
oxide deposits do not lead to any fibrosis. Strictly 
comparable appearances may be found in electric- 
arc welders (Doig and McLaughlin, 1936 ; Enzer 
and Sanders, 1938), acetylene or carbon-arc welders, 
in silver polishers (McLaughlin et al. 1945), and in 
persons engaged in the manufacture of iron oxides 
(McLaughlin, personal communication). Iron oxide 
is responsible-in part for the radiographical changes 
in the lungs of such workers as iron-ore miners 
(Fawcitt, 1943), steel fettlers, moulders, boiler 
scalers (Harding, Tod and McLaughlin, 1944): in 
these workers fibrosis due to silica also comes into 
the picture. It is obviously important to recognize 
that reticulation or nodulation in a radiograph may 
be due to deposits of iron oxide or to some other 
metallic oxide, e.g. baryta (Pendergrass, 1938; 
Preti and Talini, 1939), and is not necessarily 
evidence of a disease. 

The difficulty of differentiating between carbon 
and iron oxide pigments in sections of lung has 
been noted previously (McLaughlin et al. 1945). 
In ordinary sections stained with haematoxylin and 
eosin both pigments appear as black masses enclosed 
within phagocytic cells. The prussian blue reaction, 
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although it works well with haemosiderin, is of 
little use here—even if the masses should become . 
coloured they still remain opaque and black to trans- 
mitted light. This was recognized by Stewart and 
Faulds (1934) in their description of the sidero- 
silicosis of iron-ore workers. The only satisfactory 
method is to incinerate duplicate sections at 500° C. 
and view them by reflected light; the bright red 
oxide of iron then shows clearly, while carbon pig- 
ment has disappeared. Since using this technique 
I have been surprised at the large amount of what 
was taken to be carbon pigment in human lungs 
from many sources that now turns out to be iron 
or iron oxide. 


Summary 


Radiographic stippling or fine nodulation of the 
lungs has been produced in the rat by intratracheal 
injection of rouge (Fe,O;). No fibrosis was detect- 
able in these lungs as a result of the presence of 
iron oxide for some eight months. 
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AN ABSORPTIOMETRIC METHOD FOR THE ESTIMATION 
OF ATMOSPHERE BENZENE 


(IN THE PRESENCE OF XYLENE AND TOLUENE) 


BY 
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The method for the detection of benzene in the 
atmosphere, described by Pfeiffer (1904) and 
Chavassieu and Morel (1906) and subsequently 
modified by Elliott and Dalton (1919), consisted of 
absorbing a sample of the air in a nitration mixture 
of sulphuric and nitric acids. This mixture was then 
neutralized and extracted with ether, and after evapo- 
ration of the ether meta-dinitro-benzene crystals were 
identified. For the quantitative estimation a number 
of methods have been suggested, most of which 
depend upon the formation of meta-dinitro-benzene, 
after absorption in a nitration mixture. Of methods 
based on other principles two are important: the 
first described by the Department for Scientific and 
Industrial Research (1939), and the second by Cook 
and Ficklen (1935). The first is the sulphuric 
formaldehyde method and is recommended for the 
control of benzene in factories. The atmosphere 
containing benzene is sucked through a solution of 
formaldehyde in sulphuric acid, when a brown 
colour develops. This colour is measured against 
standards. This method is an excellent sorting 
test, but is of doubtful value in work requiring 
accurate observation, since some colour is given by 
many hydrocarbons, including toluene, xylene and 
naphthalene, and almost any organic substance 
which chars in the presence of sulphuric acid 
will affect the result. This method will therefore 
give inaccurate results when estimations of atmo- 
sphere benzene are required in factories, where 
mixed solvents are in use, since benzene gives less 
colour than the other hydrocarbons. The second 
method is based on the red colour produced when 
ferrous sulphate solution and hydrogen peroxide 
are added to benzene. The air sample is drawn 
through a bubbler U-tube trap which is immersed 
in solid carbon dioxide. The benzene which con- 
denses is distilled into a second trap after scrubbing 
with water. Ferrous sulphate and hydrogen per- 
oxide solutions are then added and the red colour 
measured optically. The method is claimed to be 
highly specific for benzene, but it suffers from the 
disadvantage of being relatively insensitive, since 
not more than 5 mg. of benzene are detectable. 
The products of the reaction probably include 
phenol, hydroquinone, catechol and the black 
oxidation product of variable composition when 
larger quantities of benzene are present. 
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Most techniques for benzene estimation involve 
some form of reaction after nitration. One method 
depends on the colour given when the products of 
nitration are heated with sugars (Pérronet, 1933). 
There is, however, some doubt as to the reproduci- 
bility of the colour, since Szécsényi-Nagy (1935) has 
suggested that only the ortho isomer of dinitro- 
benzene is involved in this reaction, despite the fact 
that the bulk of the products of nitration consists 
of meta-dinitro-benzene. The sensitivity is there- 
fore much diminished. A second method, described 
by Jacobs (1941), consists of reducing the dinitro- 
compound with zinc dust to metaphenylene diamine. 
This is then diazotized with nitrous acid and coupled 
with a-naphthol to produce an intense brown colour. 
This method is very sensitive but not specific. 

A titrimetric technique has been described by 
Smyth (1929). This consists of separating the meta- 
dinitro-benzene from the nitration acids by steam 
distillation and then reducing to the diamine with 
an excess of titanous chloride solution. It was then 
titrated with standard ferric alum. The method 
may be made almost specific for benzene, but it is 
not suitable for small quantities and is rather tedious 
to perform. 

The most suitable of the dinitro-benzene methods 
are those which depend on the colour reaction with 
a ketone in alkaline solution. This technique has 
been elaborated by Schrenk, Pearce and Yant (1935, 
1936) for the estimation of benzene in factory air. 
These authors absorb the benzene in a mixture 
of fuming nitric and sulphuric acids and extract the 
meta-dinitro-derivative with butanone. It is then 
rendered alkaline with caustic soda and a blue-red 
colour results which may be measured colori- 
metrically. 

This technique is not specific for benzene, since 
toluene gives a similar colour, although to about 
1/20th of the intensity, and xylene gives a green 
colour, also of low sensitivity. Colours are also 
given by mono-substituted benzene-derivatives and 
naphthalene. 

Hence, when the concentration of benzene alone 
is required where other hydrocarbons may be 
present, Schrenk’s method cannot be utilized. The 
technique, however, has been modified by Dolin 
(1943) to be more specific for benzene. When 
meta-dinitro-benzene is extracted with ether from 











the nitration mixture and treated with butanone, 
alcohol and alkali, the colours due to xylene and 
toluene are destroyed on acidification, but that due 
to benzene is permanent. The modification has a 
number of disadvantages. It requires extraction 
from the nitration mixture with ether, with possi- 
bilities of loss during the manipulative and washing 
procedures. The subsequent estimation of the 
benzene is made on 1/25th of the, amount of benzene 
absorbed from the air, thus reducing the sensitivity 
of the method. Lastly, the yellow colour given on 
nitration by toluene and xylene is not accurately 
allowed for during the colorimetric procedure. 

Since the meta-dinitro-benzene butanone com- 
pound is stable in acid solution, whereas the nitro- 
derivatives of the other substances are destroyed, a 
method has been elaborated whereby the disadvan- 
tages of Dolin’s technique are overcome. 

The vapours are absorbed in a bead bubbler 
charged with nitration mixture. The contents of 
the bubbler are diluted with water and neutralized 
with caustic soda. The nitro-derivatives are ex- 
tracted with butanone, and the yellow colour 
imparted to the butanone by the nitro-derivatives 
of toluol and xylol is measured in a Spekker photo- 
electric absorptiometer. The mixture is rendered 
alkaline and the colours allowed to develop. The 
solution is then made acid with acetic acid, when the 
bluish-green colour, due to the reaction of toluene 
and xylene with butanone and alkali is destroyed, 
but that due to benzene persists. A second photo- 
electric reading is then taken. The difference 
between the two readings represents the colour due 
to benzene. In this way the basic yellowish colour 
due to nitro-toluenes and nitro-xylenes which is 
persistent in the presence of acid or alkali may be 
allowed for. 


Details of Method 
1. Absorbing Solution. 


A mixture of equal parts of concentrated sulphuric 
and fuming nitric acids is used. This mixture will 
quantitatively convert benzene in the cold to the 
meta-dinitro-derivative in 30 minutes, provided that 
the volume of the benzene is less than one-tenth 
that of the nitration mixture. In the absence of 
sulphuric acid the nitration of benzene is varied and 
incomplete, and there is also a tendency to form 
mono-nitro-benzene unless fuming nitric acid is 
used. 


2. Sampling Procedure. 


A bead bubbler is charged with 10 ml. of the 
nitration mixture. The atmosphere is aspirated 
through the solution at a rate of | litre per minute, 
since at this speed absorption of benzene from 
the air is quantitative. At 5 litres/minute or more 
there is a tendency to lose about 5 per cent. of the 
benzene, but this may be overcome if two bead 
bubblers are coupled in series. In the absorption 
train the bubbler is followed first by an absorption 
bottle containing 40 per cent. caustic soda to absorb 
nitric fumes aspirated from the acid mixture, and 
then by a flow-meter to indicate the rate of sampling. 
The apparatus is operated by an air injector of the 
Venturi type attached to a compressed air bottle. 
Where very low concentrations of benzene are 
present an absorber containing 2 ml. of mixture is 
used. 
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3. Colour Development. 


After taking the sample an interval of 30 minutes 
should elapse to allow nitration to complete. The 
sample may, however, be left at this stage for an 
indefinite period without any deterioration. 

Two ml. of the acid mixture from the bubbler 
are transferred to a 50 ml. Erlemeyer flask, and 
diluted to 10 ml. with water. This is then neutra- 
lized with 40 per cent. caustic soda. Care should 
be taken to see that the solution is just alkaline to 
litmus, since the colour is impaired if the solution 
is left acid, and if it is too alkaline premature 
development of the colour occurs. 

Ten ml. of pure butanone is then added and the 
mixture shaken over a period of 10 minutes. After 
separation of the two layers the butanone layer is 
removed to a test-tube to which is added 30 ml. 
of absolute alcohol. Extraction of benzene is com- 
plete by this procedure, although in the presence of 
xylene and toluene a partition of the yellow colour 
between the two layers occurs. If much toluene 
and xylene is present the butanone is coloured 
yellowish-brown, and this colour persists after 
alkalinization and subsequent acidification. Conse- 
quently the optical density of this solution must be 
measured and allowance made accordingly. If 
coloured the butanone solution is transferred to the 
Spekker absorptiometer fitted with a green screen, 
and a reading taken (Reading I). If the solution is 
colourless at this stage, then this reading may be 
dispensed with. 

The alcohol-butanone solution is then treated 
with 0-1 ml. of 40 per cent. caustic soda solution 
and mixed. In the presence of benzene a red colour 
develops fully within 5 minutes. A purple or green 
colour due to toluene and xylene respectively shows 
up if these substances are present, with varying 
shades of intensity according to the mixture. The 
amount of soda to be added is not critical, but the 
bulk of water in solution must be kept to a minimum 
in order to ensure solution in the alcohol-butanone 
mixture. 

Five minutes is allowed for the alkaline colour to 
develop completely, although this usually occurs 
within two minutes of mixing with the soda; 0-1 ml. 
of glacial acetic acid is then added and the whole 
mixed. The alkaline colours due to xylene and 
toluene are completely destroyed, leaving a reddish 
colour due to dinitro-benzene and the residual 
yellow colour of the butanone extract. The 
destruction of the xylene and toluene colour is 
immediate, and so the -final Spekker reading may 
be made forthwith. Again the measurement is 
made with the green screen fitted in the instrument. 
The difference between this reading and that of the 
butanone extraction solution represents colour due 
to the benzene. The acidified colour is stable, and 
so the reading may be deferred for some hours if 
necessary. 

The result is referred to a calibration curve con- 
structed by submitting standard solutions of 
benzene to the technique described; 50 mg. of 
benzene is weighed in a closed vessel and dissolved 
in 100 ml. of absolute alcohol; 1 ml. of this solu- 
tion will contain 500ug. of benzene. From this solu- 
tion 5 dilutions in absolute alcohol are made to 
contain 100, 200, 300, 400 and 500ug. of benzene 
per ml. By means of a specially calibrated pipette 
0-1 ml. of each of these solutions is added to 2 ml. 
of the nitration mixture, allowed to stand for 
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TABLE | 
’ 

Concentration | : : | . : 
a eieeeen Spekker difference Concentration of Hydrocarbon | Spekker difference 

Oug. 0-00 Ouvg. Benzene plus 500ug. Toluene | 0-00 

10ug. 0-14 10ug. at - ba 0-16 

20ug. 0-29 20ug. oe a a | 0-31 

30ug. 0-41 30ug. va ms me | 0-39 

40ug. 0°54 40ug. ” 9 ” | 0-52 

50ug. | 0-68 50ug. a i ee | 0-68 








30 minutes and then treated to develop the colour 
as described above. The reading differences are 
plotted against concentration. This gives a cali- 
bration curve up to SOug. of benzene, which is the 
sensitive range of the method. Thus sampling at 
1 litre per minute 100ug. of benzene will be collected 
in about 30 minutes if the concentration of benzene 
in the atmosphere to be sampled is 1 part per 
million. 

The technique described above will readily 
measure benzene in the presence of 20 times the 
concentration of xylene or toluene. If the concen- 
tration of these substances is much higher, then the 
yellowish-brown colour due to their nitration pro- 
ducts is so large in comparison with the reddish hue 
due to benzene as to make difference readings 
questionable. 

Table 1 shows the calibration curves for 
benzene alone, and in the presence of 500ug. to 
toluene. It will be seen that the two curves are for 
practical purposes identical. 


TABLE 2 


EFFECT OF VARYING AMOUNTS OF 
XYLENE AND TOLUENE 

















| | 
Concentration (in wg.) {| Reading| Reading} Differ- 
Benzene} Toluene | Xylene I | If ence 
20 — | — 0-01 0-31 0-30 
20 o;— 0-03 0-32 0-29 
20 | 500 | — | 0-19 9-49 0:30 
20 | — | 500 | 0-06 0-36 0-30 
20 Peer 1000 0-09 0-38 0-29 
20 | 1000 — 0-35 0-63 0-28 
20 | 500 | 500 0-26 | 0:56 | 0-30 
50 ; — — | 001 0-69 0-68 
50 50 — | (68 | 0-72 0-69 
50 | 500 — | 019 | 0-87 0-68 
50 | 1000 — | 030 1-00 0-70 
50 | — | 500 | 005 | 0-72 | 0-67 
50 | — | 1000 | 0-08 0-78 0-70 
50 | 500 500 | 0-31 1-01 0-70 


| | | 
Note. The brown colour due to xylene and toluene 
is not consistent since it varies with the rate of neutraliza- 


tion, temperature, etc., but is always the same before 
and after the colour development procedure. 





Numerous experiments have been carried out 
with varying concentrations of xylene and toluene 
as shown in Tables 2 and 3, indicating that inter- 
ference due to these substances is negligible. 


TABLE 3 
EFFECT OF TOLUENE AND XYLENE 

















. Concentration — | — Difference 
50 mg. toluene .. 0-03 0-03 | nil 
SOUme. . <«- 0-19 0-19 nil 
10Gng. , « 0-35 0-35 nil 
500 mg. xylene .. 0-06 0-06 nil 
1000 mg. _,, f. 0-08 008 =| nil 





Summary 


A method is described for the estimation of benzene in 
the atmosphere in the presence of high concentrations of 
xylene and toluene. 

Details of the sampling technique are given and the con- 
ditions necessary for consistent findings have been investi- 
gated. 

Figures are given in support of the efficiency of the method. 
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There are a number of references in the literature to the 
determination of organic chloro-compounds in blood and 
tissues. Nicloux (1906) measured chloroform concentra- 
tions in dog’s blood during and after anaesthesia by a 
method which involved distillation with alcohol, hydrolysis 
of the distillate with alcoholic potash, and determination of 
the resulting chloride by the Volhard method. Wells (1925) 
estimated carbon tetrachloride in blood and tissues in the 
same way, after administration of the compound by mouth. 
This author reports that a loss of 7-10 per cent. occurs 
during the preliminary distillation, and that the determina- 
tion of quantities of carbon tetrachloride less than 1 mg. is 
very inaccurate. Schtschigol (1933) has found that the 
above method also gives low results for chloroform. A 
combustion method for the estimation of carbon tetra- 
chloride in blood has been used by Robbins (1929), but here 
again the technique is rather laborious and the quantities 
determined relatively large, i.e. of the order of 1 mg. 

The reaction of certain organic halogen compounds with 
pyridine and alkali to give a coloured complex was first 
observed by Fujiwara (1914). Cole (1926) and McCollum 
(1930) used this reaction to determine small amounts of 
chloroform in aqueous extracts of tissues, but found some 
difficulty owing to the instability of the coloured complex. 
Daroga and Pollard (1941), investigating the reaction of 
chloroform and carbon tetrachloride with pyridine and 
alkali, have observed that the diluting solvent, the relative 
concentrations of reagents, and the duration of heating, all 
influence the final colour. For optimum and reproducible 
colour development these authors use a reaction mixture 
containing 10 ml. of pyridine, 5 ml. of 20 per cent. NaOH 
and 1 ml. of an acetone solution of the chlorhydrocarbon. 
After heating at 100° C. for five minutes and then cooling 
thoroughly, the pyridine layer is separated off. Its colour 
is proportional to the amount of chloro-compound present 
and is stable for 17-24 hours at room temperature. Quan- 
tities of chloroform and carbon tetrachloride as small as 
0-02 mg. give a measurable colour under the above condi- 
tions. 


For the estimation of chloroform, carbon tetrachloride 
and trichlorethylene in blood, we have applied a similar 
technique to that used by Daroga and Pollard for the 
estimation of the first two of these compounds in soil. 
In the original method, the chlorhydrocarbon is first 
removed by steam distillation into acetone. About 
50 ml. of distillate are collected, and 1 ml. of the aqueous 
acetone solution is used for the colour development. 
We have found that the sensitivity of the estimation may 
be increased as much as 50 times by extraction of the 
bulky aqueous distillate with a few millilitres of toluene; 
1 ml. of the toluene extract is then taken for the colori- 
metric analysis. 


Method 


The blood sample is first made up to about 100 - 
with water and the chlorhydrocarbon removed by steam 
distillation in an all-glass apparatus with a single ground 
glass joint at the point of attachment of the distillation 
flask (see fig. 1). Foaming is controlled by the addition 
of a few drops of tri-n-butyl citrate. The receiver is a 
50-ml. measuring cylinder with a ground glass neck, and 





* Working with a grant from the Medical Research Council. 
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Fic 1.—Apparatus for estimating chlorhydrocarbons in 
blood. 


A. Distillation flask. B. Washing funnel. C. Toluene. D. Dis- 
tillate. E. Ice water. 


contains a small measured volume of toluene, varying 
between 1:5 and 5 ml. The receiver is immersed in ice- 
water. Approximately 40 ml. of distillate are collected 
and the condenser tube washed down with water from 
the funnel. The measuring cylinder is then stoppered, 
shaken and, after settling, the toluene layer is pipetted 
off. For the final colorimetric analysis, 1 ml. of the 
toluene extract is added to 10 ml. of pyridine and 5 ml. 
of 20 per cent. NaOH. After heating at 100° C. for 
exactly five minutes and then cooling thoroughly, the 
coloured pyridine layer is immediately separated off, 
since further contact with alkali causes colour fading, 
and run into a 20-ml. calibrated measuring cylinder. 
Under these conditions carbon tetrachloride and chloro- 
form give a purplish-red and trichlorethylene an orange- 
red pyridine complex. At this stage the coloured solu- 
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tion appears turbid but may be cleared by the addition 
of water to bring the final volume to 15 ml. In a few 
cases a Volume greater than 15 ml. may be reached 
before the solution is quite clear. Here the final volume 
is noted and a correction applied in the calculation. 

The colour intensity is measured in a Pulfrich photo- 
meter using filter $.53. The corresponding concen- 
tration is read off from the appropriate calibration curve. 
Specimen calibration curves are shown in fig. 2. 
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Fic. 2.—Calibration curves for chloroform, trichlor- 
ethylene and carbon tetrachloride. 
Extinction coefficient reduced to 0-5 cm. cell length. 


Colour is proportional to concentration up to 0-4 mg. 
of chlorhydrocarbon/ml. of toluene solution, at which 
point it becomes too intense for convenient measure- 
ment. The range given, 0 to 0-2 mg./ml., is that most 
frequently used. The lower concentrations were actually 
measured using 2-cm. or 3-cm. cells. 

It was found that the colour given by carbon tetra- 
chloride could be nearly doubled by the addition of 1 ml. 
of acetone to the reaction mixture which already con- 
tained 1 ml. of toluene. With chloroform, however, the 
final colour was decreased by the addition of acetone, 
while with trichlorethylene the addition of acetone had 
practically no effect. 

It is important that the reagents used should be of 
A.R. standard and that they should themselves give no 
colour in the reaction mixture. We have found that it 
is also advisable to repeat a few points on the calibration 
curves when a new batch of reagent is used. In the 
case of pyridine, particularly, it seems that there may be 
present a trace of some impurity, varying in amount 
3from one batch to another, which modifies slightly the 
final colour intensity. This effect is apparently uniform 
at all concentrations of chlorhydrocarbon, so that the 
calibration points always lie on straight lines. 


Results 


Varying quantities of carbon tetrachloride, chloro- 
form and trichlorethylene in aqueous or concentrated 
acetone solution have been added to blood. These, 
together with the corresponding quantities recovered by 


the above method, are shown in Table 1. The sensi- 
tivity of the method obviously depends on the amount 
of blood available for the estimation. A minimum con- 
centration of 0-1 mg. of chlorohydrocarbon/100 ml. of 
blood can be estimated and a concentration of 0-05 mg./ 
100 ml. detected with a blood sample of 25 ml., 1-5 ml. 
of toluene being used for the extraction. At higher 
concentrations, e.g. 10 mg./100 ml., a blood sample of 
1 ml. is adequate for the analysis. The size of the blood 
sample and the amount of toluene used for the extraction 
may obviously be varied to give a convenient depth of 
colour for the final measurement. 


TABLE 1 
RECOVERY OF VARYING AMOUNTS OF CARBON 
TETRACHLORIDE, TRICHLORETHYLENE AND 
CHLOROFORM ADDED TO BLOOD 


CARBON TETRACHLORIDE 


Percentage 
Amount added Amount recovered recovery 
2:10 mg. 2:07 mg. 98 
10 100. ly 100 
@a25 5, 0-535 ,, 102 
0-200 ,, 0-196 ,, 98 
0-200 ,, 0-212 .,, 106 
0-100 ,, 0-103 ,, 103 
0-050 ,, 0-048 ,, 96 
0-050 ,, 0-050 ,, 100 
0-030 ,, 0-029 ,, 97 
0-025 ,, 0-024 ,, 95 
TRICHLORETHYLENE 
1-456 mg 1-500 mg. 103 
0-728 ,, 0°705 ,, 97 
0-364 ,, 0-360 _,, 99 
0-291 ,, 0-294 ,, 101 
0-230 ,, 0-220 ,, 95 
0-146 ,, 0-142 ,, 97 
0-073 , 0-076 ,, 104 
0-044 ,, 0-044 ,, 100 
CHLOROFORM 
0-749 mg. 0-720 mg. 96 
375 5, 0-360 ,, 95 
0-375 ,, 0-365 ,, 96 
0-188 ,, 0-195 ,, 104 
0-075 ,, 0-074 ,, 99 
0-094 ,, 0-095 _,, ; 101 
0-038 ,, 0-039 ,, 103 
0-019 ,, 0-020 ,, 105 


It was found that treatment of blood from normal 
subjects in the above manner gave a blank reaction, 
except in a few cases where a faint positive Fujiwara 
reaction was obtained. This could invariably be ex- 
plained by the subject’s having taken a cough mixture 
containing chloroform water, or a sedative containing 
chloral. 


Summary 


A method has been devised for the measurement of 
small amounts of chloroform, carbon tetrachloride and 
trichlorethylene in blood. Quantities of these sub- 
stances varying between 2 and 0-02 mg..can be recovered 
from blood with an accuracy within +5 per cent. 
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AUBREY LEWIS 


Psychiatric advice is not the same thing as advice by 
psychiatrists. It is wider than that and covers all advice 
which has as its aim furtherance of mental health. If it 
were to be given only by psychiatrists it would be unduly 
restricted. The main people to give such advice to the 
worker will be, besides the psychiatrist and the psycholo- 
gist, the industrial medical officer and the personnel 
manager or welfare director. There are certain phases 
in the life of the worker at which such advice may be 
particularly called for—when he is about to leave school 
to begin his industrial career; when he shows signs of 
maladjustment, such as frequent absence or changes of 
job; when he develops neurotic symptoms; when he is 
about to return to industry after having been ill for a 
fairly long time with either a physical or mental disorder; 
and when, for medical reasons, a change of job is neces- 
sary. Before discussing the psychiatric advice that can 
be given in such circumstances I would stress that 
although under modern conditions industry may be 
taken to include all organized employment of men and 
women, for convenience I will consider only those 
industries which are organized in such a way as to have 
adequate medical and social services within them. It is, 
moreover, obvious that the mental health of the worker 
in industry may be impaired or furthered by influences 
working on him elsewhere, for example at home; indus- 
trial effects may be due to non-industrial causes. There 
must therefore be a close nexus between the psychiatric 
advice which is deliberately intended for the worker at 
work, and the more personal services available to him 
in the rest of his daily life. There can be no sharp 
cleavage between intra- and extra-industrial psychiatric 
advice. The former will, however, put more emphasis 
on prevention, and the latter on treatment. 


The School Leaver 


The first stage at which psychiatric advice may have a 
direct and intentional bearing on industry is when the 
future worker is about to leave school. Vocational 
advice given him then or at any subsequent entry into a 
new industry will have an important preventive function 
or, to put it more positively, may serve to advance his 
psychological well-being. Too often in the past this has 
been conceived as a question purely of vocational selec- 
tion in the interests of the job, and popular notions of 
psychological and psychiatric work in the services had 
confirmed this dangerous view. Selection implies re- 
jection, and often some degree of physical or psycho- 
logical incapacity has meant rejection from employment 
in those industries or firms where every effort was made 
to get the best employees possible. In the days of 
restricted employment and surplus labour this policy 
was feasible, but it is clear that, in the future, placement 
rather than selection and rejection must be the chief 
concern of those who advise the entrant into industry. 
It is as important to decide what jobs are suitable for the 
defective, the obsessionally neurotic, the schizoid or the 





* A series of papers read at a joint meeting of the Association of 
Industrial Medical Officers and the Section of Psychiatry, Royal 
Society of Medicine, London, on November 14th, 1944. 
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epileptic as to ensure that they are not encouraged to 
embark on careers to which they are unequal. Obviously 
it is advice and not compulsion that is in order here, but 
there is ample evidence that disinterested vocational 
advice to school leavers will have great influence, 
especially where it pays due regard to the wishes of the 
worker.- It would not be proper to discuss in a few 
minutes the principles and scope of vocational advice. 
It enters, however, into many other phases of industrial 
life, for example the retraining of the disabled. 


Resettlement of Psychiatric Casualties 


At this point it is fitting to ask whether advice about 
the resettlement in industry of the psychiatrically handi- 
capped deals with the same problem as the resettlement 
of the physically handicapped. Leaving aside for the 
moment the psychological aspect of physical disability 
(if one can ever leave aside so large a part of rehabilita- 
tion and resettlement) the answer must be that the 
differences are at least as important as the similarities. 
The physically handicapped, especially those who have 
a surgical disability or who are partially deprived of one 
of their special senses, have a well-defined and constant 
limitation of function; for a wide variety of specified 
jobs they can be trained as readily as a man or woman 
of the same age could be trained for any new task of 
comparable difficulty. But psychiatric handicaps, which 
are so often personality handicaps, are not limited; they 
may fluctuate, and may themselves greatly interfere 
with retraining for any job at all. These differences 
need not be taken as implying that resettlement of 
the psychiatrically handicapped is in general harder 
to effect than that of the physically handicapped. 
There are, however, practical consequences which 
flow from them. It would be out of the question 
to compile an Operations Manual for the neurotically 
handicapped, as one can for the blind, the deaf or the 
people with an amputated limb; in this respect persons 
with medical disabilities fall midway between the 
psychiatrically and the surgically handicapped. It 
would likewise be entirely undesirable to provide on any 
large scale within an industry sheltered occupations for 
the neurotically handicapped or for those convalescent 
after a period of treatment in a mental hospital. There 
is probably a case for the sheltered occupation, as 
specified in the Disabled Persons Employment Act, for 
the defective and for those who require institutional 
care, but the bulk of the psychiatrically handicapped 
must be fitted into the ordinary places and styles of 
work. It is, however, also true that the bulk of the 
physically handicapped do not require sheltered occupa- 
tions but only appropriately designed tools or machines. 

Where the neurotically ill are concerned the precise 
psychiatric diagnosis may be taken to be of great import- 
ance. This is, of course, an error; valuable as diagnosis 
may be in certain instances or for other purposes, it can- 
not by itself be as important from the industrial point of 
view as the personality and the morbid anomalies of 
behaviour which the worker exhibits. Judgment of the 
latter is sometimes said to be beyond the competence of 
the non-psychiatrist. I do not think it should be. No 
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one, however dubious about the psychiatrist’s place in 
rehabilitation, disputes that the psychological aspect of 
rehabilitation is very important. The psychiatrist would 
certainly not claim that he is the only person who should 
attend to this; he would rather see all those who handle 
sick people pay cue regard to the psychological aspects 
of their restoration to health. Conversely, the industrial 
medical officer would wish the psychiatrist when handling 
the sick worker to pay informed regard to the man’s 
restoration to work. 


The Worker at Work 


There remains the very large group of those still 
actively working. Some among them will be in the 
incipient stages of psychological maladjustment, others 
may be showing frank psychiatric symptoms; still others 
may be putting out signals of maladjustment which are 
construed as physical disease, for example, cardiac 
neurosis. Here again the psychiatric advice will be less 
often given by psychiatrists than by the doctors and 
others who deal directly with the worker. The psychi- 
atrist, like the psychologist, will be available for advice 
and for consultation about those matters on which 
expert guidance is necessary, and for the treatment of 
individual cases his help will have to be invoked. But 
the main work of preventive psychiatry and the handling 
of minor maladjustments will be carried out by others. 
In a word, the preventive psychiatry of industry will not 
be the work of the psychiatrist but of the industrial 
doctor and the personnel manager. In America they 
have what they call ‘ counsellors,’ ! some of whom ap- 
parently aim at administering psychotherapy or some- 
thing like it. The recent papers by Professor Hamilton ? 
and by Miss McGowan ® of the Civilian Personnel Divi- 
sion in Washington make it clear, however, that 
authoritative people do not regard this as their proper 
field, and that these counsellors are in the main trained 
social workers fulfilling the functions which in this 
country are performed by good welfare and personnel 
managers. 

The industrial medical officer occupies the key position 
in giving psychiatric advice in the sense in which I am 
using the term. He sees the workers, he has their confi- 
dence, and he knows his industry. It may be said that 
I am describing an ideal industrial medical officer. I do 
not think so. There are many such, and it would not be 
difficult to provide them with what many of them would 
like, namely, a better understanding than their ordinary 
medical education offered of the psychological aspects of 
health and disease, especially in regard to industry. The 
industrial medical officer, in conjunction with the per- 
sonnel manager, is in a stronger position than a psychi- 
atrist can be to give helpful advice and to spot incipient 
maladjustment. By his contacts with workers exhibiting 
maladjustment he can discover where are the trouble 
spots in his industry, and can bring about their elimina- 
tion far better than any outside specialist could. His 
effectiveness will therefore depend on the extent to which 
he has the confidence of the workers and of the manage- 
ment, especially those in charge of job allocation and 
promotion. He is not likely to succeed to the full unless 
he trains himself to utilize his medical interview for 
psychiatric ends; in other words unless he can combine 
sympathy, detachment and guidance, and can avoid the 
hasty direct questioning or * hand out ’ advice which are 
sometimes all that the hurried practitioner can give to 
those with non-physical troubles. Similarly he needs to 
use his helpers, especially the industrial nurse, as much 
for psychiatric as for physical troubles. The nurse can 
tell him who are the workers who sustain frequent minor 





1 Counselling and Psychotherapy, by Carl Rogers. New York. 
Houghton Mifflin. 42. 

2 Counselling as Sox ial Case Work. Proc. Nat. Conf. Soc. Work. 
New York. Columbia Univ. Press. 1944. 

3 Counselling in Industry. Proc. Nat. Conf. Soc. 
York. Columbia Univ. Press. 1944, 
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injuries or who make mountains out of traumatic mole- 
hills—not that all the accident-prone workers are psycho- 
logically in need of attention, or that those who make a 
great song about a sprain or a pain are in need of close 
medical scrutiny; but these may be useful pointers. 


Industry's Link with the Psychiatrist 


In thus stating what I believe to be the psychiatric 
functions of the industrial medical officer, I am not 
unmindful of his present deficiencies, if | may say so. I 
suppose many of them have as little acquaintance with 
psychiatry as psychiatrists, by and large, have with 
industry. There must therefore be considerable inter- 
change of experience between these two specialists. It 
seems to me that much would be gained if in industrial 
areas the psychiatrist could make it his business not 
merely to receive sundry patients referred to him at his 
hospital clinic but also to arrange regular visits to the 
larger workplaces within the area, where he could see 
special cases on which his opinion was desired and could 
discuss on the spot the problems arising out of these 
cases with the medical officer, personnel manager and 
others concerned. The reciprocal benefit would be very 
great, and the proper balance would eventually be 
attained between cases which are referred to him and 
cases handled directly by the industrial doctor; it would 
depend on how helpful he was and what contacts were 
established between him and those within the industry. 
There are of course great practical difficulties, especially 
administrative and financial, in arranging any such 
scheme, particularly where it concerns small firms or 
such industries as those concerned with distribution and 
catering; but where it is practicable it seems to me to 
be the ideal method on many counts—not least because 
of its educational advantages. 

Refresher courses in industrial medicine are likely to 
be made available for medical officers. It would be 
profitable to ensure that in these due attention should 
be paid to the psychological side of the work. By due 
attention I do not mean the offer of a bird’s-eye view of 
modern psychiatry nor a hasty outline of the theory and 
technique of psychotherapy. There are some less ample 
matters, touching on causation, detection of incipient 
trouble, and prompt adjustment, which could usefully 
be singled out and explained in a few terse lectures or 
frank discussions. Of course these could not supply all 
that it would be helpful for the industrial medical officer 
to know of preventive psychiatry: only a reorganized 
undergraduate curriculum and a systematic post-graduate 
course in industrial medicine could be expected to put 
the psychiatric aspect of industrial medicine in its proper 
place and perspective among the many things which the 
medical officers of the future will'need and wish to learn. 
But in the meantime refresher courses could provide 
useful ad hoc information about psychiatry as about 
other topics. 

This is a favourable time for ensuring that psychiatric 
advice in industry shall be made available on wide and 
sensible lines. The war has seen the introduction of 
ancillary services and the enlargement of such services 
where they already existed; the skeleton is available for 
providing a good psychiatric service;. and in many 
places the skeleton is already clothed with healthy flesh 
and exercises healthy functions. In the Services pre- 
ventive industrial psychiatry and rehabilitation are being 
vigorously carried out; the E.M.S. similarly provides 
object lessons in how psychiatric advice may be required 
and used for industrial rehabilitation. It would be a 
grave-error, of course, to imagine that Service experience 
or even war-time experience is in all respects applicable 
to the problems of civilian industry; there are great 
differences which it would be perilous to ignore. But 
the times are propitious. Men’s minds are receptive to 


the need, and great social measures are being turned into 
law which will aid and simplify our task. 
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PSYCHIATRIC ADVICE IN INDUSTRY 





E. H. CAPEL 


The duties of an industrial medical officer are mainly 
preventive and there is little scope for treatment of the 
individual psychiatric case at the factory. There is, 
however, much scope for the application of preventive 
psychiatric methods both to the individual and to those 
who work with him, or over him, or in other ways 
influence his working environment. The industrial 
doctor has a wide field to cover. Whilst he may forget 
a good deal of therapeutics, midwifery, or diseases of 
children, he must make up for it by a knowledge of 
chemistry, physics, engineering, factory management, 
safety methods, welfare and other matters peculiar to 
industry. But ‘psychological and psychiatric problems 
form a considerable part of his work and he should have 
sound knowledge of the diagnosis and correct classifica- 
tion of mental disorders. He should be able to form a 
good idea of the prognosis and should know on broad 
lines the principles of treatment and what results are to 
be expected. Even so there are circumstances in which 
the expert help of a psychiatrist can be of much use to him. 

The medical officer in industry should also have a 
detailed knowledge of working conditions, including 
knowledge of systems of payment, bonus and incentive 
systems, time-study methods, and the characters and 
personalities of persons in responsible positions. He 
will, with experience, come to know where in the factory 
and in what circumstances nervous disorders may arise. 
His main interest in the field of psychological medicine 
will be in the minor disorders—states of fatigue, de- 
pression, anxiety, neurasthenia and hysteria. The full- 
blown psychoses are uncommon and do not usually, in 
my experience, have much relation to working condi- 
tions. However, there are psychiatric aspects of certain 
special duties of the medical officer which must be 
considered. 


Examination of New Employees 


The object of a pre-employment examination is to 
ascertain if a person is fit for a particular type of work, 
or to determine the type of work for which he is best 
fitted. It consists of a physical examination and some- 
times also an assessment of personality, aptitude tests, 
intelligence tests, and possibly other special investiga- 
tions. It is usual for personality, aptitude and intelli- 
gence tests to be conducted by personnel workers or 
others not working directly under the medical officer. 
The tests employed are usually evolved by some non- 
medical body such as the Institute of Industrial Psycho- 
logy, and hence may not be related to the investigation 
or detection of neurosis or other abnormal mental 
states. When Millais Culpin and May Smith ! investi- 
gated over 1000 workers in Government departments 
they found that 30 per cent. of them had serious psycho- 
neurotic symptoms. The importance of this cannot be 
ignored and I suggest that any tests used which have a 
psychological basis should be carefully correlated with 
the medical examination. 

The taking of a history from the point of view of 
assessing personality and likelihood of nervous break- 
down may not be easy as it involves discussing private 
and personal matters before the person is engaged, and 
it is suggested that this part of the examination might 
be deferred until some time after engagement. The sort 
of illnesses from which a person has suffered, the types 
of work he has done and his reaction to it may, how- 
ever, provide many useful clues. In the investigations 
by Culpin and Smith they arranged an interview of about 





1 Culpin, M., and Smith, May (1930). The Nervous Temperament. 
Rep. No. 61, Industr. Hlth. Res. Bd., London. 





20 minutes; they avoided a rigid questionnaire and led 
the subject through a series of hypothetical situations 
which might stimulate symptoms commonly encountered. 
Obviously experienced investigators like these worked at 
a great advantage over ordinary practitioners, and so it 
might be possible for experts to devise a suitable, concise 
case history scheme for guidance. It might also be 
possible to develop more objective tests for the purpose. 
Culpin and Smith apparently found the dotting machine 
of much use in picking out obsessionals. 


Other Medical Examinations 


Apart from the original pre-employment examination, 
routine follow-up examinations at intervals are occasion- 
ally carried out in industry, but as a rule these only 
relate tO young persons. They may provide useful 
information on how the person has settled down to the 
job. 

Examination of employees returning to work after 
illness is more commonly carried out and provides a 
useful way of getting to know employees, especially 
those who may be less fit. The interview will not only 
indicate the degree of recovery attained but may reveal 
factors in the work which helped to precipitate the illness 
and so enable appropriate preventive measures to be 
taken. 

Apart from these cases the industrial medical officer 
may see persons suffering from neuroses, or other ab- 
normal mental states, under various other circumstances 
which include the following: (1) persons referred for 
examination because of unsatisfactory work or conduct 
or behaviour; (2) acute cases attending for treatment— 
hysterical fainting and so on; (3) certain occupational 
neuroses, accident neuroses and cases discovered by 
chance—perhaps during treatment for another condition 
such as sore throat or cut finger. Investigation of these 
cases will follow along standard lines to detect and 
correct any offending environment, or to transfer the 
patient to more suitable conditions. Psychotherapy in 
the ordinary sense is not usually necessary; this is surely 
the job of the panel doctor or outside specialist. 


Conditions at Work 


A number of the industrial conditions known to lead 
to special emotional strain have been investigated, but 
it must be realized that straightforward fatigue can be a 
potent factor in causing breakdown under otherwise 
normal stresses. Likewise, simple likes and dislikes can 
at times cause emotional stress leading to real illness. 
We have all seen persons get quite ill over such a simple 
thing as being moved to another shop away from a 
friend and even in war-time every effort should be made 
to employ persons on work and under conditions that 
they like. Special factors which more commonly give 
rise to excessive emotional stresses are the problems of 
supervision, methods and rates of pay, and absence of 
facilities for the rectification of defects and grievances. 

Supervision. A person appointed to a supervisory 
position in a firm is judged on two standards—his 
technical knowledge and ability, and his capacity for 
handling those working under him, the net result being 
indicated by the efficiency and output of his section or 
department. Both qualities are important, but they by 
no means always go together. Frequently technical 
ability is given prior place with little or no consideration 
of the man’s personal qualities, or if personal qualities 
are considered, a man is selected for his ‘ drive.” We 
must therefore consider what qualities a man should or 
should not have in order to control and supervise others. 
It is perhaps easiest to begin with some of the qualities. 
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he should not have, and the sort of effects that may 
arise from,them. At the start one can generalize by 
saying that it is desirable that no neurotic or person of 
appreciably abnormal temperament should be in charge 
of others. But many neurotics are in some respects 
most efficient workers and therefore liable to be selected 
for these senior posts. Of the neurotics that are par- 
ticularly unsuitable the obsessionals are outstanding. 
They are frequently above the average in intelligence, 
are Over-conscientious and tend to overwork. Their 
unreasonable drive makes them exacting and harsh and 
they expect others to overwork as they do themselves. 
Their over-conscientiousness and difficulties in making 
decisions give rise to much emotional stress with conse- 
quent breakdown. Unfortunately the combination of 
more than average intelligence with excessive drive often 
leads to their selection for these jobs from the false idea 
that they will get the most out of the workers. 

Of the other neuroses in relation to supervision it is 
not necessary to say much. It is obvious that a person 
showing excessive anxiety when facing responsibility can- 
not inspire confidence and be a good leader. Likewise 
the hysteric may get over his difficulties by converting 
them into physical illness, but the problems arising in 
his department need settling in the interests of others 
besides himself. It must not be construed, however, 
that any normal individual free from neurosis is auto- 
matically a good leader or supervisor. It is not our job 
as doctors to pick out the good ones but to pick out the 
bad ones—those who may themselves break down under 
responsibility, or who, through their mental state, may 
have a bad effect on those under them. 

Systems of Payment. There has been a steady increase 
in recent years of the system of payment by results— 
payment by a bonus or incentive system as distinct from 
payment on a flat hourly rate—or day rate. There isa 
streak of laziness in many of us and such a system seems 
to be the only one which will make the lazy work. In 
the opinion of industrialists some system of payment by 
results has. definitely come to stay. There are, however, 
certain pitfalls in the use of incentive systems which are 
not always appreciated. To quote Mace ?: 

* There is, it is clear, an optimal, maximum expenditure 
of effort which can be reasonably expected of a worker 
during his working day. This optimum effort is deter- 
mined by the needs for recuperation from fatigue, for 


comfort in work and a variety of other psychological 
conditions.’ 


Incentive systems may be justly taken to this limit but 
beyond this they lead to inefficiency through increasing 
fatigue and emotional difficulties. 

Experiments have shown that the placid, steady, 
imperturbable types are the ideal workers and that the 
animated, variable and easily disturbed individual is less 
suited. But it is possible for an incentive system to 
favour the attainment of a steady, placid state of mind, 
rather than to induce an anxious struggle to attain an 
impossible standard. Mace suggests that the ideal 
incentive system would embrace the following charac- 
teristics: 


1. It would provide an initial standard for the beginner 
well within his capacity. This would induce a sense of 
achievement from the outset. 

2. It would provide a graded series of subsequent 
standards (based on the normal practice curve), the pro- 
gressive attainment of which at appropriately spaced 
intervals would be within the capacity of an average 
worker maintaining a reasonable level of effort. In this 
way a sense of continual progress is added to the con- 
sciousness of initial achievement. 

3. Corresponding standards would be provided for 
different periods of the working day. As the former were 
based upon the normal practice curve, so the latter would 
be designed with a view to the known effects of fatigue in 
the given operation. Such a series of standards would 
provide for the maintenance of an equable performance 
throughout the working period. 





2 Mace, C. A. (1935). Incentives—Some Experimental Studies. 
Rep. No. 72, Industr. Hith. Res. Bd., London. 
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My own experience and that of many others has shown 
that incentive systems carelessly applied will rapidly 
cause discontent and precipitate neurotic illness in those 
predisposed. It must not be assumed, however, that 
because bonus systems may give rise to trouble that flat 
rates of pay are necessarily desirable or better. Much 
anxiety and discontent may be caused by unfair flat 
rates, by lack of progress and promotion, and by lack 
of opportunities for the ambitious individual. In 
factories where satisfactory incentive systems have been 
introduced it is common for those still working on a 
day rate to ask to be paid by results and so get a chance 
to earn more. 

Rectification of Grievances. The importance of a 
system in a factory for the airing and rectification of 
defects and grievances cannot be over-estimated. This is 
usually achieved by works councils or similar com- 
mittees. Personal and individual matters are dealt with 
by the personnel or medical staff who can also play a 
large part in establishing or influencing works policy as 
a whole. Many minor troubles can and should be 
dealt with by the foreman in the shop without the aid 
of committees, and this again emphasizes the need for 
careful selection and training of such persons. 


Occupational Neuroses 


The group of diseases known as occupational cramps 
—writer’s cramp, telegraphist’s cramp, typist’s cramp 
and so on—have remained rather obscure in aetiology, 
but present opinion tends to regard them as neuroses. 
Treatment is difficult and the prognosis bad. Careful 
selection could almost certainly minimize the number of 
cases. Miners’ nystagmus has likewise been considered 
to be a neurotic manifestation, on the grounds that it 
is frequently associated with other neurotic symptoms. 
To me, personally, the other commonly given explana- 
tion seems much more plausible—namely, that through 
defective lighting of the coal face the miner develops the 
habit of using peripheral vision instead of central, fixed 
vision, with the result that in time a habit becomes 
established leaving him unable to fix an object actually 
on the macula. 


Accident Neuroses 


Some accidents, often trivial ones, are followed by 
symptoms which :cannot be organically related to the 
injury, and a study of these symptoms has shown that 
the majority are examples either of conversion hysteria 
or anxiety neurosis. Very occasionally an accident will 
precipitate some different type of neurosis or a psychosis. 
The aetiology is briefly as follows. Following an acci- 
dent it is natural for a workman to weigh up the damage 
and form some idea of what recovery he may get and 
when. Sometimes he is wrong. He gets worried and 
preoccupied with his slow progress. Perhaps pain or 
some other symptom persists, and so he begins to doubt 
if he will ever recover. He feels insecure about the 
future and questions his ability to do his old job again. 
He is faced with the alternatives of receiving compensa- 
tion whilst ill or of doubtful recovery with diminished 
earning capacity. It is not uncommon, therefore, for 
neurotic individuals subconsciously to choose the steady 
security of compensation rather than face an unknown 
future and to produce hysterical symptoms to attain 
this. On the other hand, the worker may brood and 
worry and develop increasing symptoms of anxiety. 
Not undefstanding the nature of his symptoms he will 
naturally link them up in his mind with his accident, 
thereby establishing a vicious circle. The case with a 
serious injury seldom shows neurotic symptoms—the 
physical state is sufficient to establish disability, and 
only when recovery is taking place do neurotic symptoms 
tend to appear. 

Treatment of this condition, except by a lump sum 
settlement of the compensation claim, is in my experience 
most unsatisfactory. Prevention is therefore one’s aim 
in every case. An accident is a psychological as well as 























a physical shock and demands tactful handling from the 
start. It is most important that the patient should have 
confidence in his employer and feel sure of a fair deal. 
The physical diagnosis should be made early and the 
patient given as accurate a prognosis as possible with a 
strong suggestion of recovery as far as is likely with no 
unnecessary mention of after-effects. It is the tactless 
handling of patients by solicitors, insurance agents, 
relatives who exaggerate the consequences and suggest 
ulterior motives on the part of the employer, and even 
by doctors themselves; which sows the first seeds of 
neurosis. In the case of minor injuries, return to work 
as soon as possible is desirable. In other cases suitable 
rehabilitation and training should be started as soon as 
is reasonably practicable. The habit of putting a worker 
on a specially created job which he can see will be no 
more than a stop-gap and which does not lead to his own 
or other useful work again, is wrong. It merely serves to 
fix in his mind what he already fears—that he will never 
be able to do his old work or earn full wages agaii. 
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Proper rehabilitation leads a man step by step back to his 
original job, or, if necessary, to other suitable work, and 
it is essential that these steps be explained to him as he - 
goes on. My own experience has shown that cases 
attending a hospital where physical treatment is good, 
where adequate rehabilitation is carried out, and where 
there is an active interest taken in the patient all the way 
through, seldom develop neuroses. In less efficient 
hospitals, where rehabilitation gets no further than un- 
ending radiant heat and massage and where the surgeon 
seldom sees the patient, the reverse is the case. 

I have discussed the problem as it appears to the 
industrial medical officer and shown the circumstances 
under which he can apply measures to prevent psychiatric 
trouble arising. Treatment of the individual is outside 
his immediate scope; this is a matter for the private 
doctor. But there is an urgent need, particularly in the 
provinces, for more psychiatric clinics. In such clinics 
co-operation between the psychiatrist and the industrial 
doctor is vital for success. 


D. ELIZABETH BUNBURY 


Industrial medicine is an important part of social 
medicine; it is concerned with the health of a large 
number of individuals and with providing conditions in 
which they can maintain health. Brigadier Crew says: } 

‘ Preventive medicine is medical science applied to the 
elimination of sickness by appropriate social and collective 
measures based upon the findings of clinical medicine and 
the ancillary science of the individual. Social medicine, 
rooted both in medicine and in sociology, is not merely or 
mainly concerned with the prevention and elimination of 
sickness but is concerned also and especially with the study 
of all social agencies which promote or impair the fullest 
realization of biologically and socially valuable human 
capacities.’ 

The objective of the industrial medical officer as regards 
psychological health should include aspects of both 
preventive and social medicine—preventive in so far as 
he tries to remove stresses likely to cause psychological 
ill-health, and positive in so far as he is concerned with 
providing an environment in which the worker can con- 
tribute of his best. Crew, in the same article, goes on tosay: 

‘In the Army as in civil life, much sickness is nothing 
more or less than disinclination born of dissatisfaction and 
transformed into disability. We of the Army know that 
sickness is rare in such as enjoy a sense of participating in 

a goodly enterprise, the purpose of which is understood 

by the troops and applauded by the community of which 

they are a part. We know that the feelings of being for- 

gotten and of being frustrated are the prodromata of much 

serious sickness.’ 
But these are generalities and when we come down to 
the practical questions of what the industrial medical 
officer can do things become more difficult. A few 
practical examples will make it clear that much useful 
work can be done which will lessen the amount of 
neurotic illness in the factory and make for less friction 
and a generally happier atmosphere. 


Problems of the Factory as a whole 


The question of frequency of shift changes is important. 
Workers may complain of anorexia, dyspepsia, and 
insomnia at the time of change of shift, and most of 
them attribute this to night work; but relatively few 
workers on permanent night work show this syndrome, 
which seems to be due to the change of shift rather than 
to night work itself. The problem of long hours is 
complex; it is also concerned with overtime pay. In 
one factory a foreman, on his own initiative, reduced 





1 Lancet, 1944, 2, 617. 





the hours of work in his shop from 55 to 50 a week and 
found that production rose. A _ general reduction 
throughout the factory was opposed vigorously by the 
works manager and by many of the workers, the latter 
because it would have meant a reduction in wages. Long 
hours have repeatedly been shown to lead only tempo- 
rarily to an increase in production. They must lead also 
to an increase in fatigue, especially in women, so many 
of whom have housework and cooking to do when they 
get home. Bonus systems perhaps may seem a long 
way from psychiatry but they can give rise to a good 
deal of stress. In one factory a complicated bonus 
system—where the bonus allotted to the worker was 
reduced by 50 per cent. to cover depreciation of 
machinery—gave rise to resentment and unnecessary 
wear and tear of tempers. It had not been explained 
that the ‘cut’ was purely a paper transaction. The 
method of introduction of new workers to their work is 
of importance if the strain of adjustment is to be mini- 
mized. To many people who have not worked in a 
factory before, a drilling machine or a lathe can be as 
terrifying as a machine gun. A good deal of labour 
wastage and liability to psychiatric symptoms can be 
avoided if care is taken to see that they are introduced 
to the job by an understanding foreman or skilled worker 
who has not forgotten his own early days. 

The question of monotonous and boring repetitive 
jobs is difficult. Being browned-off is a most uncom- 
fortable state and one which can easily lead to the 
development of psychological complaints. Some fore- 
men and charge-hands put a great deal of thought into 
methods of relieving monotony and comment that after 
putting a girl on to the same operation on even a slightly 
different component they notice considerable relief of 
boredom. This is something to be encouraged. Being 
a cog in a machine is bad enough, but it is worse if one 
does not know what the machine is doing. Foremen 
often do not know what a component, in which they 
may take considerable pride, is used for. This seems to 
be because the skilled worker regards a part as a mathe- 
matical problem in itself. But for the unskilled worker, 
doing the same job thousands of times daily, it is a 
different matter. Where workers have been taken on a 
tour of the factory and have been shown the uses to 
which the parts they produce are put, the atmosphere of 
boredom and monotony has been noticeably improved, 
because the work which they are doing, however intensely 
monotonous in itself, can afterwards be seen as being a 
part of a much bigger and more interesting whole. 
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Problems in Individual Shops 


I remember one particular shop where most of the 
workers were girls who all seemed particularly tense and 
literally ready to jump. Later it was found that the 
foreman had a habit of expressing his irritation by making 
the power system emit a frightful shriek frequently enough 
to keep the girls permanently on the alert for it. Re- 
moval of this quite unnecessary strain had excellent 
results. When people first go into a sheet metal shop, 
for example, they think the noise is intolerable, but very 
quickly find that they can make themselves heard with- 
out difficulty, if the work on which they are engaged 
does not require much thought. By and large, ‘ music 
while you work’ is looked forward to and enjoyed by 
those doing routine monotonous work because it makes 
a welcome break, but those who have to think complain 
bitterly of it, for instance men in a tool room. ‘Those who 
use their brains as well as their hands should be in separate 
shops, if possible; but the problem is more difficult where 
there are workers using their brains, and others, pro- 
bably a majority, doing routine work in the same shop. 

A small epidemic of neurosis recently developed 
among a group of girls engaged on the adjustment of 
electrical keys. The work was extremely trying visually 
since it involved focusing in depth on pin-head contacts. 
One of the girls who had a squint decided to have it 
operated on, whereupon her sister, also engaged on key 
adjustment, ‘began to worry, thinking that she also was 
developing a squint. All the girls on that particular job 
promptly began to worry about and complain of various 
eye symptoms, although other girls, in the same shop 
but on different jobs, were not infected by the epidemic. 
The problem was soluble as the process of key adjust- 
ment has been mechanized. 

Ventilation is a fruitful source of strain, for example 
in a shop where some workers want the windows closed 
while other want them open. This may sound a trifling 
cause of dispute, but it can give rise to a most unpleasant 
atmosphere. Workers can come to be at daggers drawn 
with each other, and in addition they worry in case they 
catch cold or get bronchitis, either because they think 
they need more air or because they think they need less. 
They can all be got to agree that at any rate the windows 
should be opened during rest breaks and the dinner 
hour, but the job is to see that this routine is adhered to. 

There is no need to emphasize the importance of the 
attitude of foremen and charge-hands to workers when 
considering the question of stresses. Perhaps one less 
often considers the stresses to which they are themselves 
exposed, especially in war-time when they are expected 
to make use of semi-skilled and unskilled labour, and 
yet keep up to the same production level. There is also 
the special problem of the foreman, made a foreman 
because of war-time conditions but without sufficient 
experience and knowledge. 


Problems of the Individual Worker 


Here is a case of a man whom I saw recently. It brings 
out a number of the points I want to make. He is 30 and 
had what appeared to be a previously stable personality. 
He was a Territorial, called up at the beginning of the war 
and made a sergeant. He saw no active fighting. He 
developed pneumonia, following which he started to have 
attacks of shortness of breath on exertion, but also when at 
rest. He was invalided out of the army and attended as an 
out-patient at one of the London teaching hospitals for a 
long time. He is intelligent and quickly came to the con- 
clusion that they had not made up their minds what was 
the matter with him, which in fact was so. His own account 
is that ‘ they kept on telling me not to worry, because I had 
no need to, but I kept on getting the attacks.” He has been 
at the factory for about eight months, where he was at first 
in a test room, but later owing to redundancy was trans- 
ferred to an assembly shop where his attacks became more 
frequent. His foreman asked me to see him. The man 
himself said that he thought the attacks and their recent 
exacerbation were largely due to his nerves. The following 
facts came out about the precipitating causes of this recent 
exacerbation. He had liked the test room and found the 
work interesting; he had had no previous training and had 
hoped to learn something there that would be of use to 





him later; he resented transfer to the assembly shop because 
the work was less interesting and he was learning nothing, 
and because the atmosphere was much stuffier than in the 
test room; and finally he had fallen in love with a married 
woman in the same shop and knew that nothing could come 
of it. I saw him in one of his attacks, which to a certain 
extent resembled asthma, but was not typical. The hospital, 
where he had been an out-patient, had finally decided that 
he had some mild fibrosis of the right lung. Although 
I am sure that if he were transferred to another shop he 
would get many fewer attacks I am referring him to a 
psychiatric out-patient department for their opinion; he has 
such good insight into his condition that he should respond 
well to treatment and his previously stable personality makes 
the outlook more encouraging than it would otherwise be. 


This case illustrates several points. In the first place, 
the causation of the exacerbation was multiple. The 
girl who weeps speechlessly in the factory medical depart- 
ment may be crying because she has reached a stage of 
exasperated boredom through a monotonous job, or 
because she is exhausted through a long journey and 
much housework on top of long hours, or because she 
has had a quarrel with her boy friend, or because she 
has not got a boy friend to quarrel with, or because of a 
combination of these causes. It takes time to elucidate 
the causes but treatment must differ accordingly. One 
of the reasons given by the patient why he was worse 
was that he disliked his present shop. Had he not 
admitted it so willingly he might have been suspected of 
malingering, but the fact that the motivation of psycho- 
logical symptoms may be glaringly obvious does not 
mean that a patient is malingering. He was quite clearly 
distressed during the attacks and felt intensely anxious. 
In such case it is necessary to decide early whether or 
not to obtain psychiatric opinion and advice. Psychi- 
atrists cannot work miracles, and if one sends along a 
patient simply as a last resource, when every other 
method of treatment has been tried unsuccessfully, their 
task is made very much more difficult, especially when 
the patient has convinced himself or has been convinced 
by the methods of treatment adopted that he is suffering 
from a physical condition. It is notewcrthy also that 
this case was referred by his foreman who had rightly 
concluded that ‘ nerves were something to do with it.’ 

There is considerable community feeling in many 
shops and workers frequently go out of their way to 
help one another. I remember an _ unprepossessing 
mentally defective boy who was for six years mothered 
by a succession of women in a spraying shop, and an 
intelligent but extremely introverted and painfully self- 
conscious girl in a factory office was ‘ helped’ by her 
fellow-workers one after another. This community 
feeling can often be a useful ally in bringing about the 
adjustment of a worker with a difficult personality, or 
of an adolescent who has not adjusted satisfactorily. 

Patients with psychosomatic symptoms, especially 
peptic ulcer, present special problems and repay extra 
thought. They seem to tolerate shift changes especially 
badly. Where 30 of them or more work in one factory 
the employment of a ‘ gastric cook ” is worth considering. 
Meals so provided will cost rather more than the ordinary 
canteen meal, but most of those with peptic ulcers and 
ulcer-like dyspepsia will be glad to avail themselves of 
this opportunity. Where they are entitled to extra milk, 
but domestic circumstances make it difficult for them to 
get it, the factory should make arrangements for supplies. 

Finally, health education within the factory is of much 
importance. There are a number of prevalent phobias 
which cause anxiety. Workers may worry about derma- 
titis which they think is infectious, or about catching 
syphilis from lavatory seats or from canteen cups, par- 
ticularly if the latter are cracked. They worry if they 
work in a shop with someone who they know has had 
tuberculosis. They worry about fumes. Posters can 
help in a number of cases, but there are posters and 
posters. One recently showed a picture of a girl saying, 
*I was ashamed when they found my head was dirty.’ 
In any case posters need changing frequently or else 
people do not look at them. However, health education 
is here to stay, but it must be education of the right sort, 
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Psychiatric advice, in the view of the industrial medical 
officer, includes both advice to persons with psychiatric 
disorders and advice to avoid its development; and 
whether the industrial medical officer initiates the advice 
or not he can often implement it. Psychiatric disorder 
is frequently an indication that the unaided patient is 
failing to cope with his environment. Concerning 
psychiatric patients the question often arises whether 
they are merely the useless members of industry or the 
work-shy. In any case the problem is becoming in- 
creasingly important because of the impossibility of 
dealing with such individuals merely by dismissal. 

The extent of this problem has been indicated by 
study of the incidence of definite and of minor neurosis 
among random groups of industrial workers,* separated 
according to skill required for the job. We have found 
that the disorder is spread throughout all groups without 
any great difference; this suggests no excessive concen- 
tration among the less useful members. It also indicates 
that minor disorders demand greater attention. 


Method of Examination 


The industrial medical officer comes across psychiatric 
cases by post-sickness examinations, examinations of new 
entrants, of workers with disabilities or recent illness, of 
employees referred for job-change or by the foreman 
because of indications of illness or inefficiency. To 
elicit evidence of psychiatric disorder a relevant method 
of examination is required. It is useful first to attempt 
to transfer the complaint from symptoms to a description 
of what disability is involved: a workmate’s or a fore- 
man’s report on behaviour and efficiency may often help 
in this. Then while assessing physical status it is impor- 
tant to assess the worker’s attitudes to the main environ- 
mental features—his job, his workmates, his foreman, 
his social life outside the factory (its interests, scope for 
contacts, and responsibilities), and to indications of 
future prospects. Then it is also useful to elicit any 
present dissatisfactions, nor merely worries. Finally, it 
is useful to assess his abilities and other assets as indi- 
cated by previous health and circumstances. Advice or 
other treatment will be possible only when the focus of 
his disability in adjustment and the extent and nature of 
his main physical and mental assets are clear. It is 
often more important to think of satisfying interests or 
of giving scope to untapped abilities than merely to 
relieve worries or dissatisfactions. 


‘ Group Atmosphere’ at Work 


In order to adjust working environment to suit the 
needs of such patients, and so to minimize any adverse 
effect, the industrial medical officer should be familiar 
with the main psychological factors of working environ- 
ment, namely, the personal contacts that it involves and 
the actual job that has to be done. It would be absurd 
to minimize the importance of ‘ working conditions,’ but 
it would be equally unwise for a doctor to confine his 
attention solely to this aspect of the problem. Attention 
has already been drawn to the importance of the environ- 
ment provided by the supervisor and how indications of 
their shortcomings may become apparent in the worker’s 
health and output. However, supervisors have also a 
potential usefulness in helping with rehabilitation and 
after-care of patients who have returned to work. 

This is but one aspect of what might be called the 
‘ group atmosphere’ which is so important in the working 
environment. In ascertaining the most suitable job to 
which any individual may be assigned knowledge of this 





* For the Industrial Health Research Board. 


may be as important as the more obvious features of the 
job. Wage and bonus systems, similarly, cannot be 
ignored. They colour job preferences in the worker’s 
mind and are an important contribution towards or 
against the happiness and integration of the group. 
Unreasonable or unintelligible differences in rates may 
appear among the worker’s dissatisfactions, and these 
often merit examination by those interested in environ- 
mental hygiene. While no one questions the need to 
foster maximum factory output, it may be questioned 
whether the trend for bonus systems to become so 
closely related to individual output is not becoming 
extreme. Maximum output depends both on individual 
effort and on co-operation, and a wage rate too closely 
related to the former may defeat its objective by 
diminishing the latter. In any case it enhances the 
potential harm from errors in rate-fixing and the need 
for their correction. 


Job Analysis 


In the realm of studying the actual job there is still a 
largely open field which calls for study by the industrial 
medical officer, particularly as he is becoming increas- 
ingly involved in job allocation. At a minimum he will 
participate in this for the new unfit worker, for the 
returning disabled worker, and for those requesting a 
change of job. The general discredit of the term ‘ light 
work,’ and the recognition that the disabled worker 
needs to be placed according to his abilities rather than 
his disabilities have focused the need for appropriate 
job analyses. Pending any wider studies, the iellowies 
headings may be of value in this respect: 

1. Skill requirements. Several subdivisions (3-5) are 
probably required and if foremen or other technicians 
are. asked to state the training period required for the 
average inexperienced adult this should form a useful 
basis. Finer details of the aptitudes required are prob- 
ably less important but might be subdivided as follows: 

(a) Background knowledge (e.g. toolroom worker, 

machine fitter, etc.) 

(5) Hand or other dexterity. 

(c) Vision (fine, medium, little: constant or occa- 

sional). 

2. Exertion or Muscular Requirements. This is diffi- 
cult to classify, but maximum effort involved (in pounds 
of pull or push), an estimate of the usual daily load in 
comparison with other jobs in the factory (e.g. foremen 
may grade all jobs into heavy, medium and light from 
this point of view), and whether some limbs are not 
required, might be assessed under this category. 

3. Other Points. Responsibility: whether any charge 
over other persons or unusual technical responsibility is 
involved. Initiative: whether or not a requirement. 
Changes involved: whether changes of product or type 
of work are to be anticipated, and whether operation 
cycle is short or long. Group aspects: whether solitary, 
part of a group, mobile,.etc. Wage: general level, bonus 
system, etc. Contingent features: any particular risks or 
other features (e.g. dirt, heat) not common to the factory. 

That all the environmental influences which contribute 
to mental health or ill-health do not arise in the factory 
needs no emphasis. Recognition of this has led to the 
development of welfare activities by managements 
interested in maintaining the best health among their 
workers. Extra-factory circumstances are a common 
background to neurosis in women, and a frequent back- 
ground in men. Many of these people are living under 
circumstances in themselves unalterable, but this rarely 
means that the individual’s adaptation to such circum- 
stances cannot be assisted by sympathetic and relevant 
welfare work or by other advice. 








BRITISH JOURNAL 
OF 
INDUSTRIAL MEDICINE 


LONDON, January, 1945 





INDUSTRIAL MEDICINE AND REFORM 


The growing interest in industrial medicine is 
shown in striking form by the recent report from 
the Royal College of Physicians of London sum- 
marized at some length in this number of the 
JoURNAL.! It is a matter for satisfaction to those 
engaged in the practice of industrial medicine that 
the subject is now being given prominence by 
leaders of the profession. That it has given the 
College food for thought is shown in the foreword 
to the report. Here it is stated that the Social and 
Preventive Medicine Committee which prepared 
the report * has devoted the past year almost entirely 
to the subject of industrial medicine, since it seemed 
that here there was much that called for re-arrange- 
ment and reform.’ But the pioneer work of the 
British Medical Association during the past ten 
years in this connexion must not be forgotten; and 
it is of interest to note that many of the recom- 
mendations now put forward were in fact incor- 
porated in their report * on the subject published in 
1941. Both reports recommend that industrial 
health services should be made available for all 
workers, not only for those in large firms; and the 
College maintains that they should be national in 
scope and apply to every variety of employment. 
The College takes a refreshingly wide view of indus- 
trial medicine. ‘The time has come,’ says the 
report, * to review the position in the broader terms 
of the prevention of sickness and the promotion of 
health. It has been shown that the industrial 
workers lose about fifteen times as many working 
hours from non-industrial sickness and accident as 
from occupational accident and disease. It is 
evident, therefore, that occupational disability 
causes only a fraction of the total morbidity of the 
industrial worker, and that occupational disease as 
such takes a comparatively minor role in an indus- 
trial health service.’ These words need continual 
emphasis. 

The main theme of the report is the need for co- 
ordination of industrial medicine with the other 
health services of the country. This is due to the 
fact that the Government’s white paper on a national 
health service last year appeared to exclude indus- 
trial medicine—a so-called ‘ impersonal’ service— 
from the new scheme. So the Committee’s first 
recommendation is ‘that an industrial health 
service be planned as an integral part of the National 
Health Service. The report goes further and 





1 See page 51. 
Report of Committee on Industrial Health in Factories (1941). 
B.M.A. Lond. Pp. 43. 6d 
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states quite definitely that the general practitioner, 
‘who will be in the front line of the proposed 


National Health Service . . . will also be the main 
body of the Industrial Health Service. There would 
be obvious difficulties if they were employed by two 
separate Government Departments.’ This is straight 
talk, although central direction of policy by the 
Ministry of Health may not be the view of all 
parties. The suggestion that industrial medicine 
may be isolated from the national health service has 
been widely criticized, not only by the Association 
of Industrial Medical Officers * but by the British 
Medical Association and other medical organiza- 
tions, and by the Trades Unions Congress who 
emphasize that the industrial health service should 
be interwoven and co-ordinated with the national 
health service as a whole. In a leading article on 
the report The Times * comments as follows: ‘ With 
the proposed extension of Social Insurance and the 
transformation of Workmen’s Compensation, the 
time is right to bring factory welfare into the general 
framework of provision for health, and for the 
Ministry of Health to bring together under its 
central charge as many as possible of the health 
and medical responsibilities of other Ministries.’ 
Transference of the whole of the Factory or Mines 
Inspectorate, both important groups of health 
workers, would mean planning in the bold manner 
and ‘ without much regard for traditional arrange- 
ments.’ But transference of the medical inspec- 
torates only would still mean confusion, and the 
report is not clear on this issue. 

Some of the recommendations of the College are 
provocative and will need further discussion. These 
include, apart from the central changes already 
mentioned, methods of regional and local integra- 
tion with the national health service; the place of 
the general practitioner in the service; the proposal 
that ‘consultants’ be created; the link between 
industrial medicine and universities and hospitals; 
the vast problem of education; the industrial 
medical officer’s part in rehabilitation—particularly 
in relation to the new Disabled Persons (Employ- 
ment) Act; methods of appointment and payment; 
and the ever-widening field of industrial health 
research. All these points must soon be considered 
in detail; but here a lead is given which can be of 
much assistance to the planner. 

On one point the Committee could perhaps have 
gone further. While the Trades Unions had an 


opportunity of presenting their collective proposals © 


it appears that no employers’ federation gave 
evidence before the Committee. Little mention is 
made of the view-point of the employer towards all 
this suggested reform. That he publicly admits his 
responsibility to the workers on vital matters such 
as sickness and disability allowances, hours of work 
and holidays with pay, family allowances and 
housing, is seen in a document recently published 
by a group of the leading industrialists of the 
country. But it would have been interesting to 
know the views of this same group, for example, on 
the proposals in the report. The document referred 
to could well be implemented, and strengthened, by 
reference to the need for health services at the place 
of work. Although the Committee is anxious 
that the workers should be given some opportunity 





: See Proceedings of A.I.M.O. reported on page 63. 
4 The Times, January 27th, 1945. : 
5 4 National Policy for Industry ( rw? Thomson McLintock & 
Co., 101, Cannon Street, London, E.C.4 
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to take part in the appointment of medical officers 
in industry, yet the method of appointment of 
members of the management—for the industrial 
medical officer is in this category—is a matter on 
which directors of firms must be consulted. Industry 
in this country is still largely run by private enter- 
prise. It is no business of this JoURNAL to predict 
the future of industry but, whatever its structure 
may be, one paragraph in the report must always 
apply: ‘It is necessary to dispose of the point of 
view that industry cannot afford a health service. 
Surely the opposite is the truth: industry cannot 
afford to be without a health service if efficiency 
and output are to be maintained.’ 


FACTORY INSPECTION AND MEDICAL 
SCIENCE 


The Annual Report for 1943 of the Chief 
Inspector of Factories is a document of seventy 
pages of which seventeen are devoted to industrial 
medicine. Though this is undoubtedly an improve- 
ment on the four pages of 1940, there can be little 
doubt that Dr. E. R. A. Merewether, with unrivalled 
sources of information available, could fill the whole 
volume with matter of the greatest value to medical 
science. The medical branch of the Factory Depart- 
ment includes some of the most distinguished doctors 
in the field of occupational medicine, and in the past 
many of them have made contributions of great value 
to science, for example Dr. Merewether’s own work 
on asbestosis !; yet in the report no mention is made 
of the work of any of the medical inspectors, but they 
must have contributed to it in some form. The 
authoritative nature of the annual reports of hospitals 
such as Guy’s and the Brompton can be compared 
with this brief document, containing no first-hand 
information, published by a government department 
with unique opportunities in an almost virgin field of 
medicine. The important facts relating to health 
collected by the Factory Department are of interest 
not only to works managers, personnel and labour 
managers, and the workers themselves, but are the 
urgent concern of doctors and scientists. So it is 
reasonable to suggest that in the future a separate 
medical report should be published each year and 
summarized in the Chief Inspector’s Report. 

On p. 21 the Chief Inspector refers to special 
investigations being carried out by his Department, 
and the first mentioned is luminizing. On p. 48 
Dr. Merewether uses some of the scant space 
allotted to him to describe the results of the investi- 
gation, yet the amount of information he has been 
able to get into the space is valueless from a scien- 
tific point of view. There is neither a description 
of the conditions to which the workers were exposed, 
nor the clinical findings in those workers. Maybe 
the facts have been published elsewhere, but another 
striking feature of the report is that it is without 
references. We are told that as a result of the 
information, which is not published, further Orders 
have been made by the Minister of Labour. Doubt- 





1 Effects of Asbestos Dust on the Lungs and Dust Suppression in the 
Asbestos Industry, 1930, H.M.S.O. Lond.; and Tubercle, 1933, 15, 
69, 109, 152. 
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less these are necessary and correct, but it would be 
more democratic to publish the facts which show 
their necessity. 

Early work on chronic benzene poisoning by 
Santesson ” and Selling * established the conception 
of a simple, constant clinical picture. This was an 
over-simplification based on insufficient human 
material. The work of Frank Hunter of Boston 4 
has made the problem of the relationship of 
leukaemia to benzene poisoning of the first import- 
ance. It is suggested in this report that a case 
occurred last year in England, yet no details are 
given of the exposure or the chemical findings; 
and no evidence is advanced that the man would 
not have died of leukaemia if he had never been 
exposed to benzene. Scarcity of human material 
may cause it to be many years before the relation- 
ship of benzene and leukaemia is fully understood, 
so that it would be a thousand pities if this case is 
not properly published forthwith. 

The whole structure of medicine is at the present 
time in the melting pot and many reforms are neces- 
sary; but in this process all branches of medical 
thought are agreed that the freedom to publish 
scientific information must be ensured. It therefore 
follows that this freedom must be allowed to all 
medical inspectors and particularly to the senior 
medical inspector who prepares a report with such 
a wide circulation. Further, security must not be 
used in a rigid manner to prevent the dissemination 
of scientific knowledge; where it is truly involved 
we all agree that nothing should be published which 
might conceivably give useful information to the 
enemy. But now that the Ministry of Supply have 
published in a restricted form a paper on the early 
effects of exposure to trinitrotoluene,®> many will 
have had an opportunity of judging whether 
security can be considered a true reason for post- 
poning the publication of this excellent piece of 
work. 


METHYL BROMIDE 


Methyl bromide is used in the chemical industry 
in the preparation of methylic compounds and for 
making colours from methylated tar. It has been 
extensively used in recent years as a fire-extinguisher, 
a refrigerant, a fumigant, and a delousing agent. 
It is an insecticide of great effectiveness and is 
capable of protecting a wide variety of foods, grain, 
plants and textiles. Entomologists favour its use 
in pest control because it leaves no smell or taste 
behind it, it is not explosive on mixture with air, it 
is highly toxic to insects in all stages of their develop- 
ment, it has a low absorption and high penetrating 
power, and is inexpensive. It is particularly effective 
in the extermination of lice, bed-bugs, and weevils. 

It is a colourless, odourless gas at ordinary tem- 
peratures and pressures and is approximately three 
and a half times as heavy as air. As so often 





2 Arch. Hyg., 1892, 31, 336. 
3 Bull. Johns Hopk. Hosp., 1910, 21, 33; and Johns Hopk. Hosp. 
Rep., 1916, 17, 83. 
J. industr. Hyg., 1939, 21, 331. : 
Higgins, G., O’Brien, J. R. P., Stewart, Alice and Witts, L. J. 
(1944). H.M.S.O. Lond. 
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happens, however, substances which are really 
effective against insects are also toxic to man, and 
on another page in this JouRNAL Clarke, Roworth, 
and Holling give an account of poisoning occurring 
in four naval officers, two of whom died; and Wyers 
describes cases of poisoning which have arisen 
during the manufacture of the compound. The 
substance is used by the Royal Navy as a fire-extin- 
guisher since its great density makes it very effective 
in the control of fire in high octane motor spirit. 
Its density and lack of smell, however, make it 
extremely dangerous should a leak occur in the fire- 
fighting apparatus in a small ship where the rooms 
are small with low roofs, possibly below water level. 
In actual fire-fighting, it is not dangerous since it is 
rapidly decomposed. 

The toxic effects of methyl bromide have been 
known since 1901 when Jaquet ! reported one case 
with vertigo, weakness, and temporary visual dis- 
turbances following a brief exposure, and two cases 
with the same symptoms as well as asthenia and 
psychological disturbances following more prolonged 
exposure. Since that date some 42 cases have been 
reported, of which 12 were fatal and 23 recovered. 
Clarke, Roworth, and Holling now report that a 
concentration of 1 per cent. produces a marked 
irritation of the upper respiratory tract, headache, 
smarting of the eyes, abdominal discomfort, and 
numbness of the feet, which may last as a residual 
symptom for as long as four months. Death, when 
it occurs, usually results from pulmonary oedema. 
Lower concentrations, while producing these 
symptoms in milder degree, also cause delayed 
symptoms, visual disturbances, amblyopia, drowsi- 
ness and fits. Convalescence is characterized by 
depression and sleeplessness. 

Besides these general symptoms, local contact with 
liquid methyl bromide produces severe characteristic 
vesicular burns. These are important in industry 
and many workers making the substance have these 
blisters on their hands. Also, while fire-fighting 
with a methyl bromide fire-extinguisher, some of the 
liquid may get on the man’s clothing, which it will 
readily penetrate. On a previous page Butler, 
Perry, and Williams have described the cases of two 
soldiers who received burns in this manner after the 
liquid had penetrated army boots and anklets. 

During the last year cases of poisoning in industry 
were reported from America by Heimann ? and De 
Jong?; none of the cases was severe but they 
demonstrated the symptoms described above as 
typical of the condition. Now we have an account 
by Wyers of a further nine cases. Watrous 4 
investigated, during a two-week period, 90 men 
working in the filling and sealing room at a factory. 
He found the concentration of methyl bromide 
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in the atmosphere to be 35 parts per million, 
a concentration usually considered to be well 
within the limit of safety; yet 31 of the workers 
showed mild toxic effects. Anorexia, nausea and 
vomiting occurred most frequently, but other 
symptoms included headache, vertigo, difficulty in 
focusing the eyes, lethargy, muscular pains, faint- 
ness, and dimness of vision. 

Sayers, Yant, Thomas, and Berger ® have worked 
out the toxic effect of the substance in animals, and 
further work has been carried out recently by Irish, 
Adams, Spencer, and Rowe.*® These workers have 
shown methyl bromide to be by far the most toxic 
of the four organic halides—methyl bromide, methyl 
chloride, ethyl bromide, and ethyl chloride. Animals 
which are exposed to lethal doses of the poison 
die with pulmonary congestion and oedema, or, 
if they survive long enough, with confluent 
broncho-pneumonia. Lower concentrations cause 
excitability and muscular tremors followed by a 
paralysis from which the animals recover completely 
when removed from exposure to the gas. Animals 
killed after these exposures showed at necropsy 
degeneration of the heart muscle, congestion and 
haemorrhage of the lungs, kidneys, spleen, and 
liver. There was sometimes also congestion of the 
brain and meninges. 

It is evident, therefore, that methyl bromide is a 
highly toxic substance and adequate protective 
measures must be devised to give protection from it. 
This certainly presents some difficulties. In low 
concentrations the gas is odourless, and it is able to 
pass in a matter of a quarter of an hour through the 
ordinary service gas mask which, therefore, gives 
little protection. Clarke, Roworth, and Holling 
suggest that some substance with a smell be added 
to methyl bromide in fire-extinguishers to draw 
attention to any leak; this is an excellent sug- 
gestion provided all existing containers are with- 
drawn and replaced by the new variety, otherwise 
a sense of false security might arise. Fire-fighters 
who have to use these extinguishers should be 
warned against spilling the substance and instructed 
that any clothing which is wetted by it must be 
removed immediately. When it is used as a 
fumigant, the trucks, ships, storehouses, barns, or 
other buildings must be thoroughly ventilated on 
the completion of the process. Where the substance 
is used in industry, the most important protective 
measure is adequate ventilation. Methyl bromide 
is a heavy gas and, therefore, can readily be ex- 
tracted by exhaust ventilation through the floor of 
the workshop. As Wyers says ‘ hygiene of the place 
of work is of much greater importance than treat- 
ment’ where so little can be done once symptoms 
are established. 





1 Jaquet, A. (1901). Dtsch. Arch. klin. eo > 370. 
2 Heimann, H. (1944). Industr. Bull., 23, 

3 De Jong, R.N. (1944). J. Amer. med. yon 312s, 702. 
4 Watrous, R. M. (1942), Industr. Med., 11, Fide 


5 Sayers, R. R., Yant, W. P., Thomas, B. G. H., and Berger, L. B. 


(1929). “4 Treasury Dept., Publ. Hith. Serv. ae No. 185. 


6 Irish, D. D., Adams, E._M., Spencer, H. C., and Rowe, V. K. 
(1940). J. industr. Hyg., 22, 218; (1941) Ibid., 23, 408. 
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SECOND INTERIM REPORT (ABBREVIATED) OF THE SOCIAL AND PREVENTIVE 
MEDICINE COMMITTEE,* ROYAL COLLEGE OF PHYSICIANS, LONDON 


January, 1945 


Introduction 


Parliament has under consideration far-reaching plans 
the adoption of which will, it is hoped, replace anxieties 
and uncertainties due to the ill-ordered social economic 
system of a recent past, by a sense of security. That 
hopes of social security may not be disappointed, all 
economists agree that the industrial production of the 
country must be efficient; it cannot be efficient unless 
the producers are contented; they cannot be contented 
unless the conditions of their work guarantee the highest 
attainable level of physical and mental health. This has 
been recognized by associating with economic proposals 
plans for reorganizing the medical services of the country. 
It would be hard to say which item of this vast pro- 
gramme is the most important; when, however, it is 
remembered that a very large majority of citizens are 
employed in factories large and small, in offices, in shops, 
in transport undertakings, in catering establishments, 
where they pass a third of their working years, it must 
be clear that the medical-hygienic regulation of those 
working hours is a matter of importance. When it is 
further realized that this regulation is now haphazard, 
sometimes drastic, sometimes negligible, the responsi- 
bility of different authorities or of no authorities, the 
case for a reconstruction of what will be called the 
Industrial Health Service seems:overwhelming. 

It must be realized that what happens in the factory affects 
family life and good or bad home environment influences 
factory life for it is the whole life of a human being which is 
in question: one or other side cannot be given primacy. If 
one physician cannot see the life of the worker as a whole, 
the partial observers must pool their knowledge, that is why 
again and again the need of co-ordination is emphasized 
and prominence given to university centres of teaching and 
research where medical graduates differently employed can 
barter the results of experience, can learn and teach on 
equal terms. It is hoped that many young physicians and 
surgeons in the forces or in the enlarged factory service 
which war industry has imposed will find an interest in 
industrial medical work. 

For these reasons it is urged that an Industrial Health 
Service should be planned in a bold manner without 
much regard for traditional arrangements. Factory 
legislation should be strengthened and extended in order 
to provide for the needs of smaller industries and non- 
industrial undertakings. The Industrial Health Service 
should be an essential part of the National Health 
Service with ultimate responsibility vested in the Minister 
of Health and the Chief Medical Officer of the Ministry 
of Health as the Chief Medical Officer of the Industrial 
Health Service. 

There should be uniform conditions of service, rates of 
remuneration, pensions and so forth. Its general adminis- 
tration should be delegated mainly to the Ministry of Labour 
and National Service, but for special purposes separate 
administration might still be carried out within the general 
framework of the Service by such bodies as the Ministry of 
Fuel and Power, the Ministry of War Transport and the 
General Post Office. The existence of special technical 





* The composition of the Committee is as follows :— 
A. A. Moncrieff, Chairman; Lord Moran, M. Greenwood, 


A. W. M. Ellis, H. E. A. Boldero, J. A. Charles, P. M. D’Arcy Hart, 
Aubrey Lewis, Janet Vaughan, Sir Allen Daley, J. E. Gordon and 
J. M. Mackintosh. 
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problems in each industry or undertaking appears to make 
some such delegation essential, and to each administrative 
department would be attached the appropriate technical 
experts, including the lay inspectorate. The Industrial 
Health Service should be organized on a regional basis in 
close association with any arrangements for the decentraliza- 
tion of all or part of the National Health Service. Thus, if 
hospital organization and planning: are developed on a 
regional basis with the Universities playing an important 
part, the Industrial Health Service should also have a 
regional organization with the academic aspects developed 
by suitable University departments and institutes. The 
recent announcement of the creation of three such University 
Departments in Industrial Medicine by the Nuffield Founda- 
tion is most welcome as a definite step towards the kind of 
development that the Committee has in mind. Any health 
organization at a lower level, e.g. joint local authority areas 
or such like, should have the appropriate machinery for 
close association with the Industrial Health Service. 


Scope of the Existing Medical Services 


In spite of the fact that industrial legislation has been 
in progress since the beginning of the nineteenth century 
it is disappointing to find that the medical service applies 
to only a small proportion of industrial workers at their 
place of work. In the factories nearly all the whole-time 
medical officers are attached to the larger organizations 
employing over a thousand workers. Yet more than 
half the workpeople of this country were (in 1937) 
employed in factories with less than 250 operatives, and 
in only a few instances were they medically supervised 
even by part-time medical officers. Unhappily, it is in 
the smaller factories that, generally speaking, it is diffi- 
cult to maintain good working standards, to provide 
such amenities as canteens and rest rooms, ambulance 
and clinic services, and other measures directed towards 
health and welfare. 

It must be conceded at once that the Factory Inspectors, 
both lay and medical, have done magnificent work to 
improve standards of safety, health, and welfare in the 
factories under their supervision, but it cannot be seriously 
maintained that 400 inspectors (including sixteen medical 
inspectors) can provide adequate supervision—let alone the 
optimum conditions for health and welfare—for the 250,000 
establishments covered by the Factories Act of 1937. If 
there are added to the account the 175 whole-time and the 
700 part-time works doctors responsible for medical super- 
vision, it is clear that the balance still falls far short of 
reasonable efficiency, except in a relatively small number of 
specially favoured groups. 

The present position is rendered more serious by the fact 
that there are many industries to which the Factory Acts do 
not apply, or to which certain sections only are applicable. 
These include mines and quarries, offices and business 
establishments, hotels and catering organizations, transport 
services, temporary industries such as constructional works, 
and a considerable section of agriculture. 

Mines and quarries are covered by special regulations to 
secure safety, and the Ministry of Fuel and Power has also 
provided a medical service with a small central staff, and a 
development of local medical supervision. Some of the 
larger and more progressive business houses have appointed 
medical officers of their own; and medical officers have 
been attached to various transport services, such as railways 
and docks. In general, however, the services outside the 
factories are patchy and incomplete, and the biggest 
deficiencies tend to occur just where the need is most acute. 

The co-ordination of the central departments leaves much 
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to be desired, even when allowance is made for war-time 
difficulties and improvisations. The principal authority for 
the industrial health service in peace-time was the Home 
Office, but most of its functions in this respect have been 
handed over to the Ministry of Labour and National 
Service. The Ministry of Supply, in its capacity of factory 
employer, has now developed a medical service on its own 
account, with a central staff, and the Ministry of Fuel and 
Power has provided a medical service. It may be antici- 
pated with confidence that the new Ministry of National 
Insurance will create a central medical staff, with the result 
that there may be, after the war, at least seven Government 
Departments with independent medical staffs, all imposing 
duties upon a bewildered and harassed profession at the 
periphery, and all prescribing report forms of their own 
devising. Unless some co-ordination of central depart- 
ments can be achieved, it is bound to mean that local con- 
ditions will tend to remain chaotic with impairment of 
efficiency. 

“The aim of the new national health service will be to 
provide every person, or better still every family, with a 
personal or family practitioner who will be able to become 
familiar with the circumstances of those in his care—in the 
home and at work.”’’* This statement is in full accord with 
the ideals of modern social and preventive medicine. It 
lays a just emphasis on the family as the unit for medical 
care, and it extends the application of medicine to man in 
his environment—in his work as well as in his home. This 
is the only true basis of a health service and it is sincerely 
hoped that even the temporary exclusion of industry from 
the proposed scope of a national health service will not be 
adhered to in the Government’s plans. Indeed, as a subse- 
quent quotation shows, the ultimate aim of the national 
health service is to provide for an important part to be 
played by general practitioners of such a service in the 
industrial field. This is fully in accord with the whole 
object of the present report. 

In the opinion of this Committee one of the immediate 
requirements of the people of this country is an indus- 
trial health service which includes provision for all who 
need it most—not merely the large and complex indus- 
trial concerns, but also the small factory and workplace, 
the building industry, the transport services, offices, 
hotels and catering establishments. In other words, the 
industrial health service of the future must be compre- 
hensive, and national in its scope. If this view is ac- 
cepted, then it is clear that the family doctor has a vital 
part to play in the service as a part-time industrial health 
officer, and that he must be trained for this function. It 
is equally clear that there must be a nation-wide service 
of medical officers of consultant rank who have 
specialized in the problems of occupational diseases and 
of industrial health. The Committee appreciate the 
desirability of appointing whole-time industrial health 
officers for the larger industries, and in suitable cases a 
combination of full-time and part-time service, but they 
must emphasize again their view that in a comprehensive 
industrial health service the general practitioners who 
will be in the front line of the proposed national health 
service, “* the first source of help on which the individual 
will rely,” will also be the main body of the industrial 
health service. There would be obvious difficulties if 
they were employed by two separate Government 
Departments. 


Outline of a National Industrial Health Service 


In the past the industrial health service has been confined 
too narrowly to the establishments coming within the scope 
of the Factory Acts. The reason for this is historical, 
because the original purpose of legislation was to secure for 
the factory worker minimum standards of safety and working 
conditions. Until the end of last century inspection was 
technical rather than medical. Since that time, however, 
increasing attention has been paid to the personal health of 
factory workers and to the creation of an environment 
conducive to health. In addition, great advances have 
been made in the prevention of occupational diseases, 
but the time has come to review the position in the 
broader terms of the prevention of sickness and the pro- 
motion of health. During 1938, for example, nearly 20,000 
workers in Great Britain or their dependents received 
compensation for disablement caused by industrial disease; 
but it has been shown that the industrial workers lose 
about fifteen times as many working hours from non- 





* White Parer on a “* National Health Service.”” (Cmd. 6502.) 
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industrial sickness and accident as from occupational 
accident and disease. And this takes no account of the 
effects of subnormal health upon efficiency and proneness. 
to accident. It is evident, therefore, that occupational 
disability causes only a fraction of the total morbidity 
of the industrial worker, and that occupational disease 
as such takes a comparatively minor role in an industrial 
health service. 

The industrial health problem, as has been shown, extends. 
beyond the factory to every sphere of employment. Recent 
legislation carries its scope further than the prevention of 
sickness and accident to the restoration of full working 
capacity, wherever possible, in those who have been dis- 
abled by sickness or accident. 

The Aims of an Industrial Health Service—The main 
objectives of the service should be :— 

(a) To promote the general health of the worker by the 
provision of a good working environment and by 
fitting the worker into that environment. 

(6) To prevent occupational disease. 

(c) To assist in the prevention of injuries at work. 

(d) To organize and supervise a service for the emergency 
treatment and care of injured and sick workers at 
their place of work. 

(e) To take an active part in the restoration to full 
capacity of workers disabled by injury or disease; 
and resettlement of workers suffering from _per- 
manent disability. 

(f) To educate the workers in the preservation of health 

- and promotion of well-being. 

(g) To promote research and investigation. 

Means of Attainment. Working Environment——Much of 
the preventable sickness which affects the worker is asso- 
ciated with causes that lie outside the factory, such as bad 
housing, economic stress and lack of education. Neverthe- 
less, a good working environment can do a great deal to 
improve the health of the worker and so to some extent 
redress the balance of unfavourable factors elsewhere. The 
industrial health service should be primarily concerned with 
working environment, and for this purpose continuous 
investigation is necessary, in co-operation with other depart- 
ments of management. 

Fitting the individual into his working environment will 
entail inquiry into his physical and mental capacity, as well 
as some knowledge of what is required for efficient and safe 
performance of the various jobs available. Entrants into 
industry are of varying strength, intellectual ability and 
aptitudes, their past medical history may throw doubt on 
the suitability of some kinds of employment for them; and 
it is for the industrial medical officer to see how their abilities 
and disabilities affect the choice of desirable work. The 
doctor’s share in selection and allocation is not restricted to 
those entering industry for the first time; it is equally neces- 
sary when workers enter. a new occupation, or when they 
change their job within the same industry, perhaps because 
of recent or persistent illness. The degree of precision with 
which the worker can be matched to his job need not be 
such as to call for minute physical and psychological 
examination, but it should be sufficient to avoid the waste 
and the damage to health sometimes caused in the past by 
allowing misfits who might have been recognized as such in 
good time to undergo training or attempt to carry out un- 
suitable work. There is no longer room for the belief that 
it is the industrial medical officer’s business at the initial 
examination of new workers to weed out if possible all but 
the physically and mentally fit, leaving those who are in any 
way handicapped to find a livelihood in some lower-grade 
occupation where standards are low or non-existent. In the 
past this attitude towards the medical examination of 
recruits into some efficient and progressive industries was in 
part determined by factors such as the operation of private 
insurance and pension schemes, which were in themselves 
entirely devised for the worker’s benefit, but it would be 
unjustifiable and indeed impracticable for such a policy to 
be widely adopted, nor is it in keeping with modern concep- 
tions of industrial medicine and industrial psychology. 

The Prevention of Occupational Diseases.—In this part of 
the service—the restricted sphere of occupational disease 
and its prevention and treatment—the assistance of clinical 
consultants and scientific research workers must take an 
increasing part. Investigation and medical care should be 
organized both centrally and regionally, and in this respect 
the industrial medical officer acts as general practitioner, 
supported by ready access to the specialist and the laboratory. 

The Prevention of Injuries——In this section of the service 
the work of the Factory Inspectorate has been of outstanding 
value, and in recent years the technical officers in the various 
industries have contributed a great deal to safety pre- 
cautions. There is need for more co-ordination of health 
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and safety measures, especially in large constructional works, 
such as hydro-electric schemes. More attention also should 
be given to the training, supervision, and placing of workers 
in suitable jobs, in picking out ‘‘ accident-prone ’’ workers, 
and in providing the optimum conditions of lighting, ventila- 
tion and temperature in order to reduce as far as possible 
the liability to accidents. 

Treatment.—lIt is the duty of the industrial medical officer 
to organize a service for general health supervision, and for 
the. emergency treatment of illness and accident. Early 
treatment of injury must provide for serious and urgent 
calls as well as for minor injuries. Normally, the con- 
tinuing care of the sick and the injured is outside the scope 
of the industrial medical officer, but in remote and thinly 
populated areas, where there are no hospital facilities, it 
should be the duty of the service to make all necessary 
provision for the care of the sick and injured until they can 
be safely removed to hospital. In such areas ambulance 
facilities are essential. 

Rehabilitation—As provided under the Government 
schemes, rehabilitation will help to link together the three 
essentials of national life—health, education, and industry. 
Rehabilitation, as the Tomlinson Committee pointed out, is 
a continuous process from the moment of disability until 
the worker is restored to full earning capacity, if possible in 
his own job. It will be quite impracticable to secure efficient 
rehabilitation and resettlement without the closest ties 
between the proposed national health service and the indus- 
trial service. In our view, the final stages of restoration 
should be carried out at the place of work, old or new, and 
= service should make full use of the industrial medical 
officer. 

In this connection, the Committee strongly support the 
Government’s White Paper on Workmen’s Compensation 
(Cmd. 6551), as the new proposals should go far to make 
rehabilitation a valuable part of the nation’s health services 
and they will remove what has been in the past an unfor- 
tunate barrier to success in this field. 

There are many workers who after injury or illness are 
not restored to full health and earning capacity, but are 
nevertheless capable of work. The resettlement of those 
permanently handicapped workers calls for the same con- 
tinuity of medical care and linkage of services as does the 
rehabilitation of those who return to full earning capacity; 
it also demands an awareness on the doctor’s part of the 
available jobs which may be satisfactorily carried out, with- 
out detriment to health, by the worker who is handicapped 
in respect of a particular bodily or mental function. It is 
another aspect of the industrial medical officer’s share in 
the selection and allocation of those who enter industry or 
change their occupation. 

Co-operation.—It should be emphasized that an industrial 
health service must be a co-operative undertaking to ensure 
success. The key personnel must be trained either as 
doctors or as special auxiliaries, such as nurses and welfare 
workers, but they can only be successful if they work in the 
closest co-operation with both management and employees. 
During the war the increasing interest of the public in 
health matters has been obvious, and this attitude should be 
encouraged among the “‘consumers’’ of the industrial 
health service. We have already enumerated, as one of 
the functions of such a service, the provision of health 
education, and there is no doubt that the workers and 
technical staffs in industry on their part are, in addition, 
capable of assisting in the day to day working of the service. 
As a medium for these functions in the individual factory 
or other establishment, we suggest the joint management- 
labour committees, such as joint production committees or 
factory health and safety committees, mentioned later in 
connection with appointments of medical staff. Such com- 
mittees, intimately related on the one hand to the depart- 
ments in the establishment concerned with health, and, on 
the other hand, to the workpeople and management, can 
provide a focus for discussion of local current health issues, 
for education and the dissemination of information, and— 
not the least—for the collection of problems requiring 
investigation. In this way, the co-operation and confidence 
of the workpeople and managements will be achieved and 
the service will have a firm basis. 


Scope of the Service 


The industrial health service must not only be unified, it 
must be universal. It must provide a medical service for 
all industrial undertakings however small and however 
widely scattered. Thus, in addition to “ factories’? which 
in the 1937 Act included shipyards and laundries for example, 
and for certain sections docks, ships and building operations, 
as well as other industrial activities, the service should be 
available for workers in hotels and restaurants, shops and 
offices, transport by land, air and sea (to include, as far as 
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practicable, the Merchant Navy *), building undertakings, 
agriculture, fisheries—in fact, any place of work except when 
that work is done at home. Thus, within the limits of a- 
worker’s working environment the service would provide 
inspection, technical advice on all such matters as lighting, 
heating, ventilation, and carry out the aims already outlined. 
It would be closely concerned with welfare organizations 
and with the nutritional aspects of works canteens. Medical 
officers of the service would take over the present duties of 
certifying surgeons as regards the examination of entrants 
and the certification of scheduled industrial diseases. The 
Government’s proposals for an Industrial Injury Insurance 
Scheme to replace the present workmen’s compensation 
provisions indicate numerous duties which could be suitably 
undertaken by members of an industrial health service. It 
would be a duty of the medical officers of the industrial 
health service to secure that workers are encouraged and 
assisted to obtain domiciliary or hospital treatment when 
required. Their exact relationship to practitioners working 
independently or under a national health service to provide 
personal health services can be more precisely defined when 
the Government’s plans are more fully known. 

Organization.—The industrial health service should 
be an integral part of the proposed national health 
service, and should be administered centrally by the 
Ministry of Health. Certain administrative and execu- 
tive functions will no doubt require to be delegated to 
the Ministry of Labour and National Service and other 
bodies in order to maintain close contact with the lay 
inspectorate, but it would be desirable for the Chief 
Medical Officer of the Ministry of Health to hold the 
same position in this regard in the industrial health 
service as he does in relation to the Ministry of Educa- 
tion. At the periphery it is essential that there be every- 
where some administrative body which will ensure that 
the general principles laid down centrally are followed. 
In the absence of knowledge of how the proposed 
national health service will be administered locally, it is 
impossible to set out a detailed proposal, but, broadly, 
the peripheral authority should satisfy itself that the 
medical supervision at places of work is satisfactory and 
in accord with the general scheme applicable to the 
country as a whole. It should be the duty of the 
medical staff of this authority to integrate the work of 
the industrial medical officers with that of the other 
medical services in the area, including those provided by 
general practitioners, the hospitals and any specialized 
units which are available for the treatment of occupa- 
tional diseases and research and teaching in this subject. 
An important part of the local work will be to obtain 
information as to the causes of sickness, to investigate 
any undue incidence, to take steps to find the cause and 
the remedy, and to apply the latter. There is little 
doubt that, as a result, much valuable information will 
be obtained about illnesses associated with particular 
industrial processes, or with particular factories or 
places of work. 

The reasons which led the Committee to adopt these 
views on organization are briefly as follows: (i) the 
health of the individual at home and at work cannot 
rationally be separated; (ii) it would be impossible to 
secure efficient rehabilitation, unless there were the 
closest link between the two services; (iii) the develop- 
ment of the national health service on sound lines 
requires direct access to the wealth of knowledge accruing 
from observations of health in industry, and (iv) the new 
industrial health service must spread its influence far and 
wide into work which is much more closely associated 
with home and family than the factory. 


Staffing 

(i) Central. The value of the central Medical In- 
spectorate is universally acknowledged, and the Com- 
mittee hopes that their number will be increased to meet 
the needs of the wider service contemplated. One of 
the most important functions of the central medical staff 
is to maintain close contact with their lay colleagues and 
with other non-medical specialists. But an increase in 
number must not mean any decline in the high standard 





* The Committee hopes at a later stage to give further considera- 
tion to problems of health in the Merchant Navy. 
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which at present exists, for the medical inspectorate will 
have an eyen greater responsibility in the future than it 
has had in the past, a responsibility which it has splen- 
didly discharged. 

(ii) Local. The local organization should be designed 
to fit in with the pattern of the national health service. 
It should exercise general supervisory functions over 
industrial health as a whole, and it should provide a 
special health service for industrial establishments (in- 
cluding catering businesses, offices, transport services), 
which are unable, either singly or in combination, to 
appoint medical officers of their own. This local 
Organization should be very closely linked with the 
public health service of the area. The local division of 
industrial health, as outlined above, should be the 
normal centre for field investigations into the health and 
welfare of all workers in the area, in whatever kind of 
work they are employed. In University centres in 
which there is a Department of Industrial Health there 
should be a close co-ordination of field investigation and 
research. A clinic (to which beds should be attached) 
and a research department should be associated with 
the medical teaching school and staffed by medical men 
and women of consultant or specialist rank. 

(iii) Personnel. The industrial health service would 
consist of medical and lay personnel; under the former 
heading are included the following :— 

(a) Consultants in Industrial Medicine. These would 
include the medical inspectorate associated both with the 
central and the regional aspects of the administrative 
structure. There should be close links with University 
Departments of Industrial Medicine and there should be in- 
patient facilities at selected hospitals with beds under the 
charge of the consultants. 

(b) Research Workers. Plans for research are outlined 
below. In accordance with established practice the word 
research is used here, but it should be noted that there is a 
distinction between research and investigation which is not 
merely pedantic. Those undertaking investigation or 
research should be in close association, and often identical 
with the consultants mentioned in (a). 

(c) Whole-time Industrial Medical Officers. (i) Serving 
one factory or undertaking. (ii) Serving a group of 
factories or undertakings, either under one firm or under 
different firms. ; 

(d) Part-time Industrial Medical ‘Officers. These should 
be general practitioners with special training and experience 
in industrial medicine. 

The non-medical personnel of the service should include 
industrial nurses (for whom special post-graduate training 
is necessary), social workers, welfare workers, technical 
specialists (including psychologists) and lay inspectors. The 
last-named would obviously require great extension and 
specialization to embrace the many industrial undertakings 
which it is suggested should be brought within the scope of 
the reformed service. 


Terms of Service and Finance 


The general plan of remuneration, terms of service, 
pensions, and promotion for the medical personnel of 
the industrial health service should be nationally estab- 
lished after negotiation with the appropriate medical 
organizations. 

_ The finance of the service requires careful considera- 
tion and the Committee is not competent to elaborate 
this aspect of the subject in any detail. But there are 
certain general considerations which can be usefully set 
out as well as certain alternative methods whereby the 
service might be financed. 

In the first place it is necessary to dispose of the point of 
view that industry cannot afford a health service. Surely 
the opposite is the truth: industry cannot afford to be with- 
out a health service if efficiency and output are to be main- 
tained. It is pathetic that the lessons learnt painfully during 
the 1914-18 war regarding industrial fatigue, the length of 
working hours and the maintenance of output, were not 
remembered when peace came. Whatever economic diffi- 
culties may be ahead it must be strongly emphasized that 
expenditure on an industrial health service, however pro- 
vided, must be regarded as an investment bearing the 
certainty of an ample return not only in pecuniary reward, 
but in contentment and industrial harmony. 

_The most obvious solution for the financing of an indus- 
trial health service is for the personnel to be paid directly by 
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the industry itself. But objections to this have been raised 
on the grounds that workers may be suspicious of medical 
officers who are paid by and are therefore directly responsible 
to the ‘“ management.’? The Committee considers that 
there are no substantial grounds for such an attitude and that 
industrial medical officers have loyally served the workers 
in the past despite just such an arrangement. Nevertheless 
it is most important that no suspicious attitude between the 
workers and their medical officers should exist if the success 
of the industrial health service is to be assured. Moreover, 
if the service is directly financed by industry, there is the risk 
that in periods of industrial depression the facilities provided 
by the health service might be radically reduced as part of 
an economy campaign. Small undertakings, shops and 
offices could clearly not afford the direct payment of medical 
officers, except with elaborate pooling arrangements. 

It therefore seemed advisable that some other method of 
finance be adopted. It is possible that if a close link between 
a national health service and an industrial health service is 
obtained, as this report urges, the payment of medical and 
other personnel might be made part of the general “ health 
budget.”’ The implications of this cannot be discussed at 
this stage because details of the Government’s plans are not 
available. The Committee urges, however, that it should 
be carefully considered. Alternatively, the cost of the indus- 
trial health service might be met by a levy on output or 
profits, similar to the levy now made in the mining industry 
for the provision of pithead baths. Or a capitation levy 
might be made on the basis of an agreed sum paid each year 
per number of workers involved. This last suggestion would 
meet the obvious difficulties presented by the smallest type 
of industrial concerns where the problems of industrial 
health and hygiene are no less important for the worker than 
in the largest factory. 

Some combination of two or more of these methods should 
also be considered and the possibility of the sharing of cost 
between industry and central funds on a 50 per cent. basis 
might offer a satisfactory solution to all concerned. 

It should be arranged, however, that any firms or indus- 
trial undertakings, including Government undertakings, can 
be allowed to make private arrangements if desired provided 
that such arrangements conform to national standards and 
that the medical officers appointed are approved by an 
appropriate body. , 


Appointments to the Service 


The question of appointments is closely allied to that 
of finance. Indeed, it might be argued that the workers’ 
suspicions are strictly not so much concerned with where 
the income of the medical officer comes from as with 
who makes the appointment. From the medical officer’s 
point of view it is most desirable that he has security of 
tenure and cannot be dismissed because, for example, 
his advice is unpalatable to the management. Here 
again, the Committee wishes to put forward certain 
alternatives for detailed consideration by the Govern- 
ment when the national health service has reached a 
later stage in development. 

Appointments, in the case of large undertakings, or 
selection of medical officers in the case of small undertakings, 
might be left as at present to the management or owners 
with the provision that such appointments must be approved 
by the appropriate central, regional or local part of the 
administrative scheme. Dismissal would also require 
approval by a similar body. A Local Health Services 
Council, as outlined in the White Paper on a National 
Health Service, might be an appropriate body if its member- 
ship included industrial representatives, or it might have an 
industrial health services sub-committee. The extension of 
this suggestion would be that appointment or selection might 
be limited to a chosen panel or short list of approved medical 
officers. In either case it is to be hoped that both employers 
and workers would be represented on the necessary regional 
or local bodies concerned with the industrial health service. 
For large undertakings, the Joint Production Committee 
idea might be elaborated to embrace some sort of joint 
health and welfare committee where representatives of 
employers and workers would take part and make the neces- 
sary appointments. Factory Health and Safety Committees, 
as advocated by the Chief Inspector of Factories, have 
already been successfully set up by several firms and repre- 
sent the sort of body the Committee has in mind. Whatever 
scheme is adopted, and possibly different methods might be 
chosen for different undertakings and different parts of the 
country, it seems clear that the workers should be given 
some opportunity for taking part in the appointment of 
medical officers in industry, so that any possible suspicion 
of partisanship can be avoided. 

















However appointed, medical officers in industry should 
have direct approach to the Board of Directors or owners. 
In large concerns their everyday work will fall largely in the 
realm of the personnel managers, but a degree of indepen- 
dence for the medical officer is desirable. Moreover, indus- 
trial nurses and any other lay personnel of the health service 
should be directly under the control of the medical officer. 
All medical records should be regarded as strictly confidential 
and details only revealed with permission of the workers 
concerned in so far as they affect their working life. 


Education of Medical Staff 


The training of medical officers for industry obviously 
requires careful planning. In time it is hoped that all 
general practitioners will have had, in their under- 
graduate curriculum, a much better grounding in social 
and preventive medicine, including industrial medicine, 
than at present. 

But such improvements may be some years in coming and 
even if achieved they will still not equip a practitioner to 
give adequate service as an industrial medical officer. For 
part-time service, both in the immediate future and when 
the curriculum has been revised, there would appear to be 
a need for a short course, lasting perhaps six weeks, when 
the main principles of industrial medicine and hygiene can 
be intensely explained and taught together with visits to 
factories and industrial undertakings. Such short courses, 
combined with even shorter refresher courses from time to 
time, would provide the basic interest and training which 
could then be extended by working experience under more 
senior medical officers. 

For the medical man or woman who wishes to take up 
industrial health as a career and to become a whole-time 
industrial medical officer a more comprehensive training is 
required. In the opinion of the Committee it is essential 
that this training should be founded on the study of preven- 
tive and social medicine, in order to avoid too narrow 
specialization. The special course of instruction in indus- 
trial health should be preceded by at least two years’ post- 
graduate experience in medicine, of which not less than one 
year should be spent in general practice. 

Whether a special diploma in industrial health is 
instituted or not, there should be a well designed course 
of academic and practical training of one year’s duration. 
It should begin with a basic course in preventive medicine 
which might be taken in common with candidates for the 
diploma in public health, and then proceed to a period 
of more specialized study, including a short clinical 
course in industrial medicine as well as teaching and 
practical experience in the problems of industrial health. 

The main advantage of instituting a diploma in indus- 
trial health is that it would tend to establish a minimum 
standard of training and qualification which could be 
recognized and understood by industrial firms. The 
chief disadvantages are that the multiplication of 
diplomas is apt to cause confusion, and that it would be 
very difficult to plan a syllabus to cover the many and 
varied aspects of industrial medicine, with the risk that 
the diploma would become based upon a course of 
instruction too stereotyped and too elementary to be of 
much value. 

The Committee feel that it is not possible to reach a 
final decision on this point until the wider question of 
post-graduate diplomas in medical subjects has been 
fully considered. Provided that the training in indus- 
trial health is kept on a broad basis and that Universities 
establishing departments of industrial health are en- 
couraged to undertake teaching as well as research, the 
provision of a sound course of instruction in this subject 
should not present any special difficulties. 

It is probably advisable that the granting of any 
diploma in industrial health be restricted as with other 
diplomas to the Royal Colleges, but the Universities 
might well consider making industrial medicine an 
alternative subject for the M.D. degree. 

For the consultants and specialists in industrial 
medicine something more is required. The three Royal 
Colleges have issued their criteria for the recognition of 
consultants and specialists and these can readily be 
adopted for consultants in industrial medicine. The 
training would include general resident appointments, 
the obtaining of a higher degree or diploma in general 
medicine and a period of three years of specialist work 
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which should include a junior post in a University 
Department, some experience in research and possibly 
some experience abroad. The developments of Univer- 
sity Departments will greatly facilitate the training of 
consultants and specialists in industrial medicine. 


Research 


One of the essential elements in an industrial health 
service is research. Up to the outbreak of the present 
war the Industrial Health Research Board carried out 
pioneer work which promised great benefits to industrial 
organizations if the findings had been more widely applied, 
especially in the small industries. The urgencies of war 
have brought about a great change. Both employers and 
workers have been taking much more interest in the results 
of industrial health research and there has been a tremendous 
development in the application of research to the immediate 
problems of war industries. In the post-war world there 
will be an increasing need for industrial health research in 
both field and laboratory, and probably an increasing 
tendency to encourage studies which have an immediate 
application; but it is of the greatest importance that these 
investigations, valuable as they are, should not be allowed 
to obscure the need for more fundamental research. This 
is particularly true at this time when teaching schools are 
considering the creation of Departments of Industrial Health 
and the establishment of Chairs at Universities. University 
Departments should have special facilities for undertaking 
fundamental research, for education cannot flourish unless 
there is the urge in each Department to pursue knowledge 
for its own sake. 

It must be emphasized that the close and cordial co- 
operation of industry itself is essential for the success of 
any investigation or research in industrial health. In the 
opinion of the Committee the promotion of such research 
should be carried out at three levels: 

First, there is a continuing need for an Industrial 
Health Research Board, responsible for investigating 
problems of national significance and, in addition, 
problems relating to local industries which cannot be 
carried out owing to lack of special facilities by research 
teams in the various regions. 

Secondly, the University teaching schools which 
establish Departments of Industrial Health should be 
charged with fundamental research, including field 
investigation, especially in relation to problems of their 
own regions. 

Thirdly, there should be in each local administrative 
area under a national health service a division for field 
investigation working in close liaison with the Industrial 
Health Research Board and the local Factory Depart- 
ment on the one hand, and with Universities and local 
authorities on the other. 


Recommendations 


That an industrial health service be planned as an integral 
part of the national health service with arrangements for 
close association at all levels, central, regional and local, 
with other branches of the national health service. 

Such an industrial health service should be national in its 
scope and apply to every variety of employment. 

Such an industrial health service should be staffed by medical 
inspectors, consultants in industrial medicine, whole-time 
and part-time medical officers, together with the necessary 
non-medical personnel, all of whom will have received 
training suitable for the type of work undertaken. Proposals 
for such training are indicated in the report. 

The essential feature of administration of an industrial 
health service should be a close association everywhere with 
the body responsible for the peripheral administration of 
the national heaith service and with University Departments 
of Industrial Health, where such exist. 

Clinical facilities, including beds for the consultants and 
research workers in industrial medicine, should be provided. 

The aims of such a service should include the establish- 
ment and maintenance of optimum environmental condi- 
tions; the prevention of disease and accidents in industry; 
the rehabilitation of the injured workman; and the educa- 
tion of the workers in the preservation of health and promo- 
tion of well being. 

Research in industrial health should be given every 
possible encouragement administratively, and by the 
industries themselves. 
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In the United States in 1943 over 12,000 nurses were 
employed full-time in industry.* This number was a 
very great increase over previous years, because of the 
war. In 1941, for example, the number was over 6000, 
and in 1930 about 3000. Nursing service in industry 
has developed, as in Great Britain, according to the 
interest and vision of industrial medical officers and 
managements, but with few recognized standards. So 
a survey by means of a questionary was carried out by 
the Government’s Public Health Service with a view to 
obtain factual data of the nurses’ work. The report 
based on this survey discusses various problems that 
arise, and also makes recommendations for the future. 
The survey was conducted (in 36 States) during 1942 in 
924 establishments employing some 24 million workers, 
and covering the activities of over 3000 full-time nurses, 
a number of part-time nurses, and a number of ‘ non- 
professionally trained workers.’ 

The duties performed by nurses fell into 8 categories. 
(The percentage of plants carrying out these activities is 
given in brackets.) 

(1) Routine organization and maintenance of the medical 
department, including care of the ambulance room, purchase 
and preparation of supplies, keeping of sick records and 
preparation of reports. (100 per cent.) 

(2) Treatment and care of occupational injuries and ill- 
nesses, and emergency care of non-occupational conditions. 
(100 per cent.) 

(3) Assistance with medical examinations. (50 per cent.) 

(4) Health education, including meetings with workers, 
distribution of health literature, follow-up of remediable 
defects, and teaching of home nursing classes. (15 per cent.) 

(5) Assistance with safety education and accident control, 
which included serving on safety committees, teaching first 
aid, and duties concerned with the care and distribution of 
personal safety equipment. (42 per cent.) 

(6) Assistance with environmental sanitation, including 
inspection of ventilation, lighting, plant housekeeping, and 
sanitary arrangements for women workers. (39 per cent.) 

(7) Participation in welfare matters, including personal 
advice to workers, assistance with canteen management and 
sick benefits. (75 per cent.) 

(8) Provision of a home nursing service, mainly to find 
out causes of absence, to determine elegibility for benefits, 
to assist the worker with social problems, or to give nursing 
care to the ill or injured. (25 per cent.) 

In addition, in 14 per cent. of 868 plants surveyed, in- 
dustrial nurses were found to have other activities not 
requiring nursing skill such as typing, relieving in the canteen 
or at the switch-board, personnel work, checking pay-rolls 
and photographing and finger print impressions. At the 
same time in many of these cases departments such as per- 
sonnel and safety were performing health functions which 
should have been delegated to the medical department. 
The report points out that confusion arose as a result of this. 
It also points out that the nurse in the small plant is likely 
to have a greater variety of duties than her colleague in a 
large concern. 

In discussing the various problems arising out of this 
extensive survey the authors make the following points. No 
rigid outline of duties can be laid down because of the diverse 
needs of industry, but certain principles can be applicable in 
all cases. There is much need for special training and 
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* Based on returns from the 1943 National Survey of Registered 
Nurses, with the addition of figures secured from the rosters of in- 
dustrial nurses maintained by the various State nursing consultants. 
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education for industrial nurses. Standing orders or written 
procedures for industrial nurses should be laid down by the 
medical profession. There is need for more and _ better 
supervision of the nursing service. Generally speaking the 
nurse has inadequate appreciation of the need for and use of 
records. Much time is taken up in non-nursing duties, thus 
causing wastage of trained personnel especially during the 
While non-professional attendants are 
useful because of the shortage of nurses, they should be 
more adequately supervised. 

On completion of the survey the advisory committee 
set up to deal with these problems made a large number 
of recommendations the more important of which are 
as follows. Nurses working without the direction of a 
full-time physician should have written standing orders. 
Where no doctor is responsible for the medical service 
the nurse should receive her standing orders from the 
Committee on Industrial Health of the County Medical 
Society. Nurses assisting at medical examinations save the 
time of the physician and are of the greatest value. The 
nurse’s part in this should be limited to the taking of 
personal occupational histories previous to examination; 
doing routine tests and explaining their significance; 
taking specimens for serological and other laboratory 
examinations and explaining their significance; telling 
the worker about the management’s health and welfare 
policy; making periodic inspections for symptoms and 
indications of occupational disease; interviewing em- 
ployees on their return to work after sickness and injury. 

The nurse should take part in the firm’s health educa- 
tion programme, and assist with accident prevention. 
She should assist with plant sanitation and should know 
the various legal requirements relating to lighting, venti- 
lation, cleanliness, sanitary provisions, etc. While the 
report does state that direct responsibility for industrial 
hygiene should be delegated to other departments 
wherever possible, it makes no mention of the nurse’s 
limitations in this respect. There is not enough emphasis 
on the fact that industrial nursing is only a part of indus- 
trial medicine, and that in all her work the nurse should 
be responsible not directly to management but to a 
medical officer. 

Home nursing service should be provided by the firm. 
This is another important difference between industrial 
nursing in the U.S.A. and in Great Britain. While in 
certain cases sick visiting by nurses is undoubtedly part 
of medical supervision in industry in this country there 
are definite limits to which the nurse should go in the 
interests of the patient, and for ethical reasons. There is 
no mention in this report of the vital importance of the 
general practitioner service and the link that it should 
have with industrial medicine. It would have been 
interesting, too, to know something of the methods by 
which American nurses are to be trained for industrial 
work and the part that the medical profession is taking 
in this. However, the report is of much interest to 
industrial medicine and should have wide publicity. 


1021 ANSWERS TO INDUSTRIAL HEALTH 
: AND SAFETY PROBLEMS 


By Jack E. Weiss 
(Cleveland, Ohio. 1944. Pp. 699. £3 Is. 6d.) 


Already some American manufacturers view indus- 
trial health and safety with a new gleam in the corporate 
eye. They see profits; they have come to realize that 


unhealthy and unsafe working conditions cost them 
This is the motif of this book, dedicated to 


money. 











American management in the hope that more of them 
will take this view and will subscribe to the slogan ‘ There 
is profit in prevention.’ It contains twelve sections 
dealing separately with a wide variety of subjects such 
as industrial skin diseases, dust hazards, metal poisoning, 
toxic gases and vapours, solvents, fatigue, monotony 
and noise, the control of airborne industrial hazards, 
safety administration, personal protective equipment, 
mechanical and plant safety. Classifications of potential 
hazards according to the main industries and occupations 
are given. It is well indexed and illustrated with photo- 
graphs, which give some good examples of safety devices. 
The questions are answered simply and briefly, some- 
times too briefly, but a short list of books and articles 
for further reading is given at the end of each section. 
It will be a useful book for all concerned with the health 
and safety of workers, particularly industrial manage- 
ment and safety officers: but it does not give all the 
detail necessary for the industrial medical officer in Great 
Britain who will find it very difficult to obtain the 
literature suggested for further reading as it is almost 
entirely American. Rn. &. F. S. 


FACTORY ORDERS: 1944 EDITION 


Regulations and Orders under the Factories Act 1937 
and certain other Acts 


(H.M. Stationery Office, London. 1944. Pp. 388. 
55.) 


The number of regulations and orders issued in con- 
nexion with health, welfare and safety in factories in 
recent years has become so great that only with the 
greatest difficulty can any person keep up to date. And 
so this bound volume, produced by the Ministry of 
Labour and National Service, is most welcome. It 
should be on the book helves of every industrial medical 
officer and Examining surgeon in the country. 

There is no doubt that His Majesty’s Stationery Office 
are first-class publishers. The lay-out of this volume is 
good, the type is clear and of sufficient size to be read 
easily, and the price is most reasonable. It is a pity 
that only paper covers are provided; they cannot stand 
up to the continuous usage that the book must demand. 
One more point. Is it possible for the Stationery Office, 
now the producer of so many best-sellers, to open 
branches in cities other than London, Manchester, Edin- 
burgh, Cardiff and Belfast? Why are there none in 
Birmingham, Liverpool, Sheffield, Leeds, — New- 
castle and Glasgow? ee 


DISPERSAL 
An inquiry made by the National Council of Social 
Service 
(Oxford University Press, London. 1944. Pp. 96. 
s. 6d.) 


In winter 1944, when housing is as urgent a problem 
as the need for aircraft was in 1940, it is timely to have 
the result of an inquiry into the problem of dispersal. 
A royal proclamation in the reign of Queen Elizabeth 
called upon ‘all maner of persons . . . to desist and 
forbeare from any newe buyldings of any house or tene- 
ment within three miles from any of the Gates of the 
sayd Citie of London.’ Since then the spread has con- 
tinued and was particularly marked between the two 
wars. The same had occurred in the other large cities, 
though less severely. This inquiry deals with the dis- 
persal of clerical and administrative staffs belonging to 
government departments, banks, insurance companies 
and similar organizations. The desirability of dispersal 
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for the common good is obvious; but for the staffs such 
problems as housing, entertainment facilities, educational 
and health services have to be considered. For the com- * 
pany the main problem is of satisfactory liaison between 
evacuated staff and the central office. From _ the 
point of view of doctors perhaps the most interesting 
part of the book is the discussion of health services. It 
correctly points out that the standard of general practi- 
tioners broadly speaking is higher i in the provincial town 
than in the suburbs of a large city, but that consultants 
are not of such high standard and are less accessible. 
The existence of a well-managed hospital with a supply 
of private beds at reasonable cost is probably the matter 
of greatest importance to the group of persons under 
consideration. This inquiry is an able dissertation on 
a subject of great interest at the present time, and is 
worthy of study by all interested in the problem. One 
fears, however, that despite the facts presented here, 
there is grave risk that the great cities will continue to 
sprawl over the countryside. K. M. A. P. 


HEALTH AND SOCIAL WELFARE, 1944-1945 
Advisory Editor, Lord Horder, G.C.V.O., M.D., 
F.R.C.P. 


(Todd Publishing Co., Ltd., London. 
21s.) 


This volume is the latest addition to the publisher’s 
series of annual reference books, and is especially 
directed to all those who are concerned with health 
education and social welfare. ‘It has been the aim of 
the Advisory Editor, Lord Horder, to present all points 
of view in the form of articles by experienced writers 
and to give factual and statistical information in as 
concise a form as possible for the many thousands of 
people engaged in this field of work.’ 

Among notable articles are ‘ Public Health To-day and 
To-morrow’ by Sir Arthur MacNalty, ‘ Planning for 
Health’ by Dr. Edith Summerskill, M.P., ‘ The B.M.A 
and the Medical Services’ by Dr. Charles Hill, ‘ State 
Medicine’ by Dr. Somerville Hastings, ‘ Progress in 
Public Health, 1844-1944” by M. Caston, the ‘ School 
Medical Service’ by Dr. J. E. A. Underwood, while 
Mr. R. R. Hyde writes on ‘The Development and 
Scope of Industrial Welfare Work.’ Later sections con- 
tain valuable summaries of Government Committee 
Reports (e.g. Beveridge, Tomlinson, Norwood, Fleming, 
etc.), followed by a section on health legislation and a 
series of valuable articles on health and welfare over- 
seas in which Dr. Joan McMichael writes on ‘ Soviet 
Health and Social Welfare Services,’ and Martin Gétz 
gives us a clear survey of the ‘ Scope of U.N.N.R.A.’ 
Official directories of the various ministries and official 
bodies connected with health are given and there are 
useful statements on policy and work by the ministries 
and by representative organizations including the 
B.M.A., Medical Research Council, Industrial Health 
Research Board, Miners’ Welfare Commission, National 
Institute of Industrial Psychology and other bodies. 
This section gives the concise information required by 
a doctor or health worker who wishes to learn or to 
explain what the societies and organizations are doing. 
The final reference section gives a comprehensive and 
up-to-date list of books, periodicals and films dealing 
with health and social welfare. The book is enlivened 
by some excellent cartoons by ‘ Sallon’ of the Minister 
of Health, Dr. Charles Hill, Sir William Beveridge and 
others, and is well printed and bound. za 

3. G:- B. 


1944. Pp. 336. 
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Annual Report of the Chief Inspector of Factories for 
the year 1943. H.M.S.O. (1944), Cmd. 6563. Is. 


For the first time since 1938 there is a decrease in the 
total accidents: 309,924 as compared with 313,267 in 
1942 and 179,159 in 1938. Fatal accidents numbered 
1220. This decrease coincided with shortening hours 
of work. There was, however, an increase in the acci- 
dents to women, but more women were employed and 
the accident rate was almost half that for men. Some 
13 pages are devoted to a discussion of accidents. The 
year has shown a greater appreciation of the fact that 
production is not in direct ratio to the hours worked. 
A recent report by the Industrial Health Research Board 
has stressed the difficulty of isolating a reduction of 
hours from other factors affecting output. It is pointed 
out that the main activity of the Factory Department 
must always be the day to day work of the District 
Inspectors, but special investigations have been carried 
out on radio-active substances and x-rays; the danger 
of fire and explosion in making magnesium alloys; recent 
explosions in the process of blowing aluminium powder ; 
health risks resulting from leaded petrol; the serious 
danger of petrol fires in testing aircraft engines; dust 
control in patent fuel works; dust in flax factories; 
ventilation of electrical power stations; and the inci- 
dence of pneumokoniosis in steel foundries and among 
welders. Irregular and excessive hours have been 
worked by young persons scaling boilers, but this has 
been stopped; and an agreement has been reached for 
better ventilation and safer measures in the drop forge 
industry. 

Some four pages are devoted to heating, ventilation, 
lighting and reduction of permanent black-out. Pro- 
gress continues to be made in the installation of washing 
accommodation, though the rate’is slow and varies in 
different parts of the country. Six hundred and eighty- 
two prosecutions were undertaken during the year 1943, 
among which 53 charges were dismissed and fines 
totalling £11,437 were imposed. 

Dr. E. R. A. Merewether draws attention to the acute 
scarcity of men and women with adequate professional 
and technical qualifications who are also proficient in 
the scientific and practical aspects of industrial health. 
Forty-six cases of lead poisoning were notified, 5 were 
fatal; the lowest ever recorded. Two further cases of 
necrosis of the lower jaw in men aged 40 and 42 em- 
ployed for three years in filling phosphorus, and ten 
years as furnaceman respectively, were notified. In 
peace-time the plant was in the open air, but the neces- 
sities of black-out have enclosed it. Three similar cases 
of pulmonary carcinoma occurring in arsenical sheep- 
dip workers have been notified since 1939, and a com- 
mittee of the I.H.R.B. is investigating this problem 
with the help of the principal firm in the industry. Four 
fatal cases of anthrax occurred: one due to infection 
from East India wool in a woolsorter at a felt works, 
two from African and Asiatic goat and skeepskins, and 
the fourth was due to Indian bonemeal used in the 
manufacture of fertilizers. One case of mercurial 
poisoning occurred in the manufacture of thermometers. 
Sixteen cases of toxic jaundice were notified: 4 were 
fatal and 14 due to TNT. Nineteen cases of toxic 
anaemia were reported, of which 7 proved to be occu- 
pational in origin; of these, 6 were caused by TNT, 
4 being fatal. One hundred and sixty cases of epitheli- 
omatous ulceration of the skin were notified, 111 due to 
pitch and 48 to mineral oil. Seventy nine cases of 
aniline poisoning occurred, and one fatal case of chronic 
benzene poisoning in a man aged 40, employed for 


194 years spreading cloth with a celluloid rubber solu- 
tion containing benzene. Death was attributed io 
aplastic anaemia, terminating in acute leukaemia. Only 
the second case of manganese poisoning to occur in 
Great Britain was notified in a man, aged 49, employed 
in crushing ferro-manganese for two years. The clinical 
picture included mask-like facies, monotonous voice, 
slow articulation and hesitant gait. A man welding 
tram lines with an electrode containing 14 per cent. of 
manganese died of pneumonia, and analysis of the lungs 
showed a content of 70 parts of manganese per million. 
Twelve cases of compressed-air illness were notified. 
The total number of luminizers using radio-active sub- 
stances has never reached 1000; and apart from burns 
no harm appears to have come to them. Estimations 
of radon content of the exhaled air, after removal from 
exposure for 48 hours, in 100 luminizers, indicated the 
necessity for further investigation in nine; but examina- 
tion by Dr. E. C. Gray by direct x-ray measurements 
showed no evidence of appreciable permanent reten- 
tion of radio-active material. Six hundred and 
ninety-five cases of gassing were reported, mostly 
resulting from carbon monoxide and nitrous fumes, 
but other causes were methyl bromide, cadmium oxide, 
iron carbonyl, phosphine and phosphorus oxychloride. 
Seven men mixing dinitro-ortho-cresol in a dry condi- 
tion developed profuse sweating, increase of respiration, 
weakness, fatigue and loss of appetite. Some girls testing 
carburettors in one factory had premonitory symptoms 
of tetra-ethyl lead poisoning, and great care has been 
taken in the supervision of establishments using ethyl 
petrol. Figures of deaths from silicosis and asbestosis 
since 1929 are given. 

Two pages of the report are devoted to an account of 
personnel management and welfare supervision, by 
Miss F. Isabel Taylor, and ten pages to canteens, by 
Miss D. Johnson. 

The final two pages list the members. of five com- 
mittees: the Minister of Labour’s Factory and Welfare 
Advisory Board, his Industrial Health Advisory Com- 
mittee, the Department’s Industrial Dust Hazard Panel, 
Advisory Panel on Dermatitis, and Advisory Panel on 
Ophthalmology. K. M. A. P 


Education in Industrial Medicine and Hygiene. MEeERE- 
WETHER, E. R. A. (1944). Med, Pr., 212, 233. 


Very little academic education in industrial medicine 
and hygiene is available to the average medical under- 
graduate and it is plain fact that there is an acute 
scarcity of men with suitable medical, technical and 
personal qualifications. Throughout the ages the tragic 
toll on life and health levied by occupational hazards is 
well evidenced, and therefore this shortage is surprising. 
It is still insufficiently recognized that industrial health 
is a composite subject comprising health, safety and 
welfare of man in his working surroundings, and that in 
practice problems of industrial health are also composite, 
preponderantly environmental, and requiring for their 
solution the services of doctors, engineers, chemists, 
physicists, psychologists, welfare and personnel experts, 
dieticians and other specialists in various combinations. 
Instruction for undergraduates should be of a general 
character, directed towards interesting him in the impor- 
tant influence working conditions have upon the health 
of the individual, in the many occupational causes of 
common symptoms, and in the methods of approach to 
problems of industrial health. A few visits should be 
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paid to factories. A post-graduate course should 
qualify for a Diploma in Industrial Hygiene. Research 
in industrial health is, in the main, applied research. It 
comprises field investigation and appraisal of the need 
for laboratory research, and assessment of the results of 
field and laboratory investigations in relation to the 
industrial process and the prescription of preventive 
measures appropriate to that process. Social medicine 
is an academic force, whereas industrial health has 
specialized technical functions. There is a pressing 
need for closer co-ordination of industrial research with 
industrial health research, and of both with the resources 
of the universities in teaching and research. 
K. M. A. P. 


A Survey of Medical and Sanitary Facilities in Small 
Industrial Establishments. KRESKY, BEATRICE, and 
ROSENTHAL, THEODORE (1944). J. industr. Hyg., 26, 
201. 


This survey was made in 565 industrial establishments 
in New York City. The information was obtained for 
the year 1942, and concerns 24,843 employees. Of the 
plants investigated, 80 per cent. employed less than 50 
persons, and half of all the employees were in plants 
with less than 250 persons. Three-fourths of the estab- 
lishments were manufacturing industries, e.g., for 
wearing apparel, textiles, printing, metal products. 
About 80 per cent. of them kept above the minimal 
standards of lavatories and wash-basins laid down by the 
U.S. Department of Labour, but only 32 per cent. con- 
formed to the standard of drinking fountains. Most of 
the establishments were on a 40-hour working week, and 
in addition to the lunch hour, 10 per cent. of them had 
a rest period during the day. In fact, three-fourths of 
the establishments employing over 250 workers had 
these periods. 

As regards medical facilities, 4-3 per cent. of the plants 
gave all the employees pre-employment physical examina- 
tions, and 2-7 per cent. provided annual examinations. 
No less than 88 per cent. of the plants did not have the 
services of a physician, either full time, part time or on 
call, and 99 per cent. of them did not have any nursing 
service, but a first-aid kit was provided for 95 per cent. 
of the establishments. Only 27 per cent. of the estab- 
lishments kept absentee records of illness, but of the 
11 plants employing over 250 persons 7 kept such records. 
Five of these large establishments had inaugurated com- 
plete health education programmmes with lectures, 
movies, discussions, pamphlets and posters, but only 
5 per cent. of all the plants provided any og — 
tion. H. 


Health Hazards in Manufacture of Quartz Crystals Used 
in Radio Communications. EINER, B., and Mosko- 
witz, S. (1944). IJIndustr. Bull., 23, 105. 


The fabrication of quartz crystals for use in radio 
communication has been greatly developed by the war. 
Quartz dust is a principal potential hazard in this 
industry, but since all operations where quartz is cut or 
ground are carried out wet, dust production is held at a 
minimum. Six plants have been visited, and air samples 
of dust were taken at two of the plants, one a large one, 
the other a small one employing 15 people. The follow- 
ing counts were obtained: open cutting saw—5 million 
particles per cubic foot of air ; enclosed cutting saw— 
2:7 million particles per cubic foot of air; small trimming 
saw—3-8 million particles per cubic foot of air; hand 
grinding—1-3 million particles per cubic foot of air; 
coarse machine lapping—2-7 million particles per cubic 
foot of air; fine machine lapping—1-1-1-8 million 
particles per cubic foot of air. These levels are well 
below the maximum permissible dust concentrations 
specified in the New York State Department of Labour. 
No patients were found who had suffered damage to 
their }ungs as the result of the process. Exposures to 
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hydrogen fluoride released in etching of quartz surfaces 
and x-ray radiation used in testing of crystals were | 
found to be adequately controlled. K. M. A. P. 


Control of Silica Dust Hazard in Quartz Crystal Cutting 
and Grinding. Goss, ALEx. E. (1944). J. industr. 
Hyg., 26, 208. 


Quartz crystals are used in radio transmission by the 
armed forces, and to-day several thousand workers are 
employed on them throughout the United States of 
America. The crystal is cemented to a piece of glass, 
and then sawn into wafers by means of a circular 
diamond-edged saw, 8 in. in diameter and operating 
at 2000 r.p.m. A soluble oil-water emulsion is sprayed 
on the saw to cool it, and the liquid drains into a re- 
circulating tank where the larger particles of quartz 
settle out. The same liquid is used for two weeks or 
more before being replaced, and it was suspected that 
some of the silica particles, less than 10 microns, might 
get into the breathing zone of the operator. Estimations 
of the particles in the air and the cooling liquid showed 
that there was a definite relationship between the con- 
centrations, and it was found that when the silica 
particles in the cooling liquid were kept below 3000 
million particles per cubic centimetre, those in the air 
were not above 5 million per cubic foot. This figure 
for air is generally accepted as the maximum allowable 
concentration when the free silica content of the particles 
is greater than 90 per cent., and as the dust from the 
quartz crystals contains almost 100 per cent. free silica, 
the cooling liquid ought to be changed frequently enough 
to keep the particles below the figure stated. 

H. M. V. 


Effects of Tetryl. Probst, E. W., MuNpb, M. H., and 
Lewis, L. D. (1944). J. Amer. med. Ass., 126, 424. 


Clinical observations were made on a group of 900 
employees employed at an arsenal. Special attention 
was given to those who showed dermatitis or complained 
of eye, nose and throat symptoms. An average of 
4 per cent. of tetryl workers had dermatitis, and of all 
the cases of dermatitis in the arsenal 62 per cent. were 
caused by tetryl. Most of the dermatitis cases occurred 
in the loading areas. 404 cases of tetryl dermatitis were 
reviewed; age, sex, and colour were not significant 
causes. Most cases occurred in new workers within 
2 weeks of starting work on tetryl. The face was the 
most frequent part of the body to be affected. The 
first symptom was slight itching of the skin, and in a 
few hours erythema developed, accompanied by oedema 
of the lower eyelids. In severe cases the oedema spread 
and the features became unrecognizable. The typical 
contact dermatitis progressed to a papulo-vesicular stage, 
and became brawny and scaly with some discoloration 
of the skin. Several cases of acne were observed among 
young women. Individuals did not appear to develop 
any immunity. Treatment consisted of applying 10 per 
cent. boric acid ointment and removing from exposure 
for several days; 35 patients were treated with 22 c.c. of 
5 per cent. aqueous solution of sodium thiosulphate 
intravenously. In this series vision was not affected, 
and no case of corneal ulceration was seen, but nasal 
dryness, sneezing, and epistaxis were frequent symptoms. 
Preventive measures included pre-employment and 
periodic examination. Persistent abnormalities of blood 
or urine were considered as an indication for removing 
personnel from contact with tetryl. Exhaust ventilation 
was installed and skin contact with tetryl powder was 
reduced to a minimum. Exposed workers were furnished 
with special uniforms, frequently laundered at the 
arsenal. Cleanliness was encouraged by posters and 
articles in the plant journal. In some dusty areas 
workers were advised not to use their handkerchiefs, and 
were provided with paper ones. Lunches ought not to 
be taken into the workshop. K. M. A. P. 
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Toxicity and Potential Dangers of Penta-Erythritol- 


Tetranitrate (PETN). VON OBETTINGEN, W. F., 
Donant, D. D., LAwton, A. H., Monaco, A. R., 
Yacopoa, H., and VALAER, P. J. (1944). Publ. Hlth. 
Bull. No. 282, Federal Security Agency, U.S. Publ. 
Hith. Service. 


A colorimetric method for the determination of 
aliphatic nitrate ester is described, based on the hydrolysis 
of the ester in 62-5 per cent. sulphuric acid and the 
nitration of m-xylenol by the nitric acid liberated. The 
method has been applied to nitroglycerin, erythritol- 
tetranitrate, and penta-erythritol-tetranitrate over a 
range of 3-0-0-:005 mg. The nitro-xylenol is readily 
volatilized by steam distillation which permits the applica- 
tion of the method to complex systems. The reaction 
proceeds in stoichiometric proportions so that the 
quantity of the ester present can be evaluated from a 
potassium nitrate standard. 

A method is described for the determination of nitrite 
in biological fluids. This was applied to the study of 
the liberation of nitrite from PETN, ETN and NG. It 
was shown that in vitro and in vivo PETN is very stable 
as compared to the two other nitric acid esters. Although 
the data reported indicate that nitrite formation is not 
as closely related to the hypotensive action of these com- 
pounds as sometimes assumed, it appears reasonable to 
assume that the great stability of PETN is probably 
responsible in part for its moderate hypotensive action. 

PETN is absorbed very slowly from the gastro- 
intestinal tract. Six hours after feeding, PETN can be 
recovered almost entirely from the alimentary canal of 
white rats. Absorption of PETN through the intact 
skin is, at best, very slow. PETN is absorbed through 
the lungs. 

Experiments in man show that PETN exerts a very 
moderate effect on the circulatory functions and that its 
action is weaker than that of ETN. It has been shown 
that PETN is neither a primary irritant of the skin nor 
a strong sensitizer. PETN causes changes of the respira- 
tion, circulation and spinal pressure similar to those 
observed with other aliphatic nitric acid esters. With 
oral administration of 5 mg. per kg. body weight, PETN 
causes a fall of blood pressure, a primary moderate rise 
of the venous pressure, and a considerable rise of the 
spinal pressure of several hours duration. The respira- 
tion is stimulated in the beginning and the respiratory 
volume is increased. The same dose of ETN causes 
essentially the same effects but to a greater extent. NG, 
on the other hand, in doses of 2 mg. per kg. causes a 
much greater effect except for the fact that such doses 
cause no appreciable rise of the spinal pressure. PETN 
has qualitatively the same effects as ETN and NG but 
is less potent than ETN and much less effective than NG. 

Continued feeding of PETN and ETN in doses of 
2 mg. per kg. daily over a period of one year does not 
cause in rats untoward effects on their growth, their 
blood picture, or on their lungs, livers, kidneys, spleens, 
femurs, or brains, and specifically no injuries of the 
vascular walls. 

The authors conclude as follows: in sufficiently large 
doses PETN may cause changes of the respiration, 
circulation, and spinal pressure qualitatively similar to 
those observed with other aliphatic nitric acid esters; 
compared with other aliphatic nitric acid esters PETN is 
comparatively little toxic; the customary methods of 
good housekeeping and of personal hygiene should be 
sufficient to prevent injurious effects in workers handling 
this material. Authors’ Summary. 


Aplastic Anaemia following Trinitrotoluene Exposure. 
Eppy, J. H. (1944). J. Amer. med. Ass., 125, 1169. 


This gives an account of three cases of aplastic anaemia 
developing in men who were exposed to concentrations 
of TNT in the atmosphere that varied close to the 
maximum permissible limit of 1-5 mg. per cubic metre 
of air. It is stated that at this particular plant only one 


case of trinitrotoluene hepatitis has occurred. The first 


case is not clear cut since the man received 6:5 G. of 
sulphanilamide before a blood count was performed. 
Case 1, a man aged 26 employed in the shipping room 
of the bombline for several months, complained of 
malaise, aching pains and upper respiratory infection. 
followed by a sore mouth, purpuric spots, and epistaxis, 
He developed jaundice on the sixth day and died on the 
seventh. His blood count fell from 3-5 million red cells 
to 1-4 million, and the white cells count from 6:5 thousand 
with 5 per cent. polymorphs to 1-8 thousand with 14 per 
cent. polymorphs. At autopsy sections of sternal 
marrow showed hypoplasia. There were necrotic 
changes in liver and kidney. Case 2, a man aged 65 
employed in a bombline cooling bay for four months, 
complained of weakness and purple spots on his legs. 
He died 5 months after the diagnosis was made, but no 
autopsy is recorded. His blood count fell from 3-5 
million red cells, 1250 white cells with 19 per cent. poly- 
morphs to 0-65 million red cells. Sternal puncture 
showed a hypoplastic marrow. Case 3, a man aged 50 
was employed on sweeping the floor in a cooling bay of 
a bomb loading line for 2 months. He complained of 
feeling ill and having purpuric spots on his legs. He 
died after 10 days with septicaemia. His blood count 
rose from 3-41 million red cells, 3800 white cells with 
26 per cent. polymorphs to 4-48 million red cells (follow- 
ing transfusion), 200 white cells with 2 per cent. poly- 
morphs. The sternal marrow was hypoplastic. 

K. M. A. P. 


Review of the Effect of Trinitrotoluene (TNT) on the 
Formed Elements of the Blood. Cone, THomas E., Jr. 
(1944). J. industr. Hyg., 26, 260. 


The author reviews the literature relating the effects 
of TNT on the formed elements of the blood, and 
describes his own recent observations. Weekly or 
monthly blood counts were made by him on 17 workers 
in intimate contact with TNT for six months. These 
workers had a daily change of clothing and compulsory 
showers, and the concentrations of TNT in the air— 
determined by the Kay method—were consistently below 
the proposed threshold level of 2:5 mg. of TNT per 
cubic metre of air. The author’s data show that there 
were no changes of any moment in any of the formed 
elements of the blood, other than a slight transitory 
initial leucocytosis accompanied by a moderate eosino- 
philia. These changes in no way affected the well-being 
of the workers. i. MM. V¥. 


Pathology of Experimental Poisoning in Cats, Rabbits 
and Rats with 2,2 Bis-Parachlorphenyl-1, 1, 1, Tri- 
chlorethane. LILLic, R. W., and Smitn, M. I. (1944). 
Publ. Hlth. Rep., Wash., 59, 979. 


This consists of a histological study of the toxicology 
of DDT. Despite well-marked neurological sysmptoms 
histological changes in the central nervous system were 
found to be slight. Vacuolation around the large nerve 
cells in the cord and cerebral motor nuclei was observed 
in rabbits, cats and rats, and in the last two cell vacuola- 
tion and tigrolysis were also present. The liver showed 
the most marked changes: these included hyaline 
degeneration and hyaline oxyphil masses in the central 
part of the cytoplasm and surrounded by vacuoles in 
the rats and rabbits. In cats, rats and rabbits there was 
a certain amount of fatty degeneration mostly in the 
periphery of the lobules. Areas of coagulation necrosis 
in the mid zones and centres of the lobules were found 
in all three animals, and in rats and rabbits accompanied 
by an interstitial and peripheral proliferation, giving rise 
to trabeculation. Focal hydropic degeneration of liver 
cells, which may reach three times their normal size, 
occurred in rats and rabbits. Muscle necrosis was seen 
in one rabbit. Necrosis of heart muscle was noted in 
occasional rabbits. K. M. 

















Soldering Operations: Hand Soldering—Soft Solders. 
DAUBENSPECK, G. WALKER, TIENSON, ARVID, and 
Noyes, ALFRED M. (1944). Industr. Med., 13, 881. 


The Industrial Hygiene Division of the Illinois Depart- 
ment of Labour have surveyed the hazards associated 
with soldering operations. The increase in the lead 
content of ‘soft’ solders has given rise to a need for 
higher working temperatures, and thus to the more 
rapid production of powdering oxides of lead. Another 
less commonly known factor in preventing lead poisoning 
is to choose fluxes which do not contain chlorides, since 
lead chloride is much more volatile than lead or its oxides. 
The principal hazards associated with silver or ‘ hard’ 
soldering are the fluorides present in the fluxes and the 
cadmium which is generally present and may constitute 
as much as 20 per cent. of the solder. The methods 
illustrated for the control of lead-soldering operations 
are also applicable to ‘ hard ’ soldering. 

Air samples taken in a number of different processes 
indicated that the only dependable type of control is a 
combination of scrupulous housekeeping and properly 
designed local exhaust, examples of which are described 
and illustrated. R. S. F. 3. 


Benign Pulmonary Changes in Arc Welders. Grou, J. A. 
(1944). Industr. Med., 13, 598. 


The rejection of several arc welders as unfit for military 
service caused the investigation of 83 out of 125 arc 
welders, almost all under 40 years of age. The welding 
Operations were on jeep frames and gun mountings. 
The factory measured 900 feet by 100 feet and was 
40 feet high. A simple canvas curtain separated these 
operations about 15 feet apart. Complete histories 
were taken to exclude previous exposure to silica dusts; 
59 men showed a peculiar fine nodulation, evenly dis- 
tributed over the lung fields: in 33 instances the changes 
were extensive. In no case was there any evidence of 
active pulmonary tuberculosis, although 5 men showed 
fibrotic or calcified adult type lesions. It does not 
appear necessary that the poorly aerated space in which 
the welder is exposed to high concentrations of fume 
need be small for changes to occur. One negative case 
had been welding continuously for 16 years. The 
average period of welding for those with normal lungs 
was 6-7 years; for those with slight nodulation 8-5 years, 
and those with more extensive changes 9-2 years. All 
evidence to date indicates that arc welders’ siderosis is 
not a hazard to the health of a workman, but a serious 
source of trouble if wrongly interpreted by the doctor. 
It should be prevented by adequate exhaust ventilation. 

K. M. A. P. 


Further Observations on Lung Disease in Boiler Scalers. 
Dunner, L., and Hermon, R. (1944). Brit. J. Radiol., 
a7, 355. 


Five cases of lung disease in boiler scalers are reported, 
three of which were complicated by tuberculosis and 
one of which died with a bronchial carcinoma. This 
indicates some of the difficulties which may be en- 
countered in diagnosis and in assessment of the role of 
occupational influence. Periodical routine examination 
of these men would have been of the greatest possible 
value. The first four cases all showed x-ray reticulation. 
Cases 2, 3 and 4 are described as having complicating 
tuberculosis. Case 5 showed well-marked reticulation 
and died with a carcinoma in the right lung. Autopsy 
revealed extensive silicotic infiltration in both lungs, 
with a bronchial carcinoma extending outwards into 
the upper lobe of the right lung. . M. A. P. 
Methyl Bromide Poisoning. De Jonc, R. N. (1944). 
J. Amer. med. Ass., 125, 702. 


An account of three men poisoned in industry with 
methyl bromide. The first, aged 17, had been a ‘ canner’ 
for six months. He lost 20 lb. in weight in this period, 
and had received blisters on his hands. He developed 
vertigo and unsteadiness of vision, followed by numb- 
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ness and tingling of the soles of his feet and legs. Later 
there was stiffness and weakness of the lower extremities 
with difficulty in walking. The knee and ankle jerks - 
were exaggerated and Babinski’s sign positive. His 
blood showed 17,250 white cells with 84 per cent. poly- 
morphs. The blood bromide was 13 mg. sodium 
bromide per 100 c.c. In six weeks he improved and 
symptoms gradually disappeared. The second man, 
aged 26, was employed distilling methyl bromide. He 
became weak and dizzy with nausea and vomiting 
Later he developed ataxia, double vision, numbness and 
tingling of legs and arms, which was followed by extreme 
weakness. He had noticed drowsiness, poor appetite 
and had lost 15 lb. in weight. There was nystagmus. 
The knee jerks were exaggerated and ankle jerks 
diminished. Romberg sign was positive. His blood 
showed 9000 white cells with 63 per cent. polymorphs. 
The blood bromide was 9 mg. per 100 c.c. Two months 
later, though improved, he still showed symptoms. A 
third man, aged 43, an assistant operator in the manu- 
facturing plant, complained of tinnitus, weakness and 
numbness of the legs, staggering gait, vertigo and head- 
ache. Further details of this case are not given. The 
author points out that methyl bromide can be handled 
without injury if used intelligently, but its indiscriminate 
and careless use must be avoided. K. M. A. P. 


Poisoning due to Industrial Use of Methyl Bromide. 
HEIMANN, H. (1944). Jndustr. Bull., 23, 103. 


A methyl bromide ampoule filling plant, operating 
with inadequate control apparatus, produced five cases 
of poisoning which are described. One, who had the 
biggest exposure, died in coma following convulsions, 
one had mild mental symptoms, two had eye symptoms, 
and one no symptoms. Enlarged livers were found in 
two cases, but the significance of this finding is not clear, 
since it is not known whether such a condition existed 
before the exposure. The fatal case had a fever of 
107-4° F., and 102-6° F. in another case is significant. 
It is probable that this symptom is of central nervous 
origin. The filling of glass ampoules requires an 
elaborate system of piping to keep the material in a 
liquid state, and in this plant the apparatus was of a 
primitive nature. It is necessary to install . 
cooling apparatus and exhaust hoods. K. M. A. P. 


Health Problems in Fur Industry. HEIMANN, H. (1944). 
Industr. Bull., 23, 217. 


A review of the literature is followed by an account 
of an investigation in 785 fur workers and 273 fur pro- 
cessing plants in New York State. Traumatic affections 
of skin appear among the occupational groups of 
fleshers, unhairers, hand stretchers and nailers; whereas 
dermatosis, which is unrelated to cleanliness, or the com- 
plexion of the worker, occurs mostly in those who handle 
dyed furs. All cases of dermatosis gave a positive 
reaction to patch tests applied with the appropriate dye 
in the proper concentration. Asthma occurred in 13 
patients who handled furs dyed with the paraphenylene- 
diamine series. In four of these the scratch test was 
negative while the patch test was positive. There is no 
evidence that pulmonary tuberculosis is more frequent 
among fur workers than in the general population. The 
relative frequency of acute and chronic non-specific 
upper respiratory disease among fur workers may be 
due to the dust present in the environmental air. 

K. M. A. P. 


Experimental Chronic Carbon Monoxide Poisoning in 
Dogs. Lewey, F. H., and DRasBkIN, D. L. (1944). 
Amer. J. med. Sci., 208, 502. 

Dogs exposed for 5$ hours per day, 6 days a week, 
over 11 weeks to an atmosphere containing 0-01 vol. per 
cent. carbon monoxide and reaching daily 20 per cent. 
CO haemoglobin, showed a consistent disturbance of 
postural and position reflexes and of gait. Some showed 
an abnormal electrocardiogram such as occurs in anoxia, 
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and necrosis of single heart muscle fibres. Three months 
after the experiment was finished, the central nervous 
system showed histological changes in the cortex and 
white matter of the cerebral hemispheres, globus pallidus 
and brain stem. The changes followed the course of 
the blood vessels and corresponded in type and position 
to those found in acute carbon monoxide poisoning. Of 
most significance were the changes in the basal ganglia. 
These consisted of demyelisation of the fibres in the 
external capsule, pitamen, the external and internal 
medullary bundles, as well as the thick fibres of the 
globus pallidus. One dog, who had had the posterior 
coronary artery ligated a year previous to the experi- 
ment, showed the most severe cardiac and cerebral 
changes. This result suggests that the general risk of 
carbon monoxide poisoning is greater to those with 
damaged heart muscle. The findings indicate that 
chronic carbon monoxide intoxication may occur in 
dogs at carbon monoxide concentrations which have 
been regarded as being within the safety limits for man. 
K. M..A.. P. 


Cardiac Changes from Carbon Monoxide Poisoning. 
Euricn, W. E., BeELLet, S., and Lewey, F. H. (1944). 
Amer. J. med. Sci., 208, 511. 


Acute carbon poisoning was produced in some animals 
by inhalation of the gas and in others by intravenous 
injection of red blood cells saturated with carbon 
monoxide. Chronic poisoning was produced by ex- 
posure to 0:01 vol. per cent. carbon monoxide for 
5? hours daily over a period of 11 weeks. As a control 
chronic anoxia was produced in other animals by ex- 
posure to an atmosphere containing only 10 vol. per cent. 
oxygen. The electrocardiographic changes observed 
were invasion of the T wave, elevation of the RT segment, 
atrioventricular dissociation, and AV heart block. At 
necropsy degeneration changes were found in individual 
muscle fibres, as well as haemorrhages and necroses of 
the myocardium. The changes in T wave and RT 
segment, and the degeneration of cardiac muscle ap- 
peared when there was 40 per cent. carbon monoxide 
haemoglobin in acute experiments, and when there was 
only 21 per cent. carbon monoxide haemoglobin in the 
chronic experiments. The same findings occurred with 
an equivalent oxygen deficiency over a prolonged period. 
Heart block, myocardial haemorrhages and necroses 
were observed only when the carbon monoxide haemo- 
globin level exceeded 75 per cent. for more than one 
hour. K : 


Chromic Acid Poisoning resulting from Inhalation of Mist 
developed from Five per cent Chromic Acid Solution. 
I. Medical Aspects of Chromic Acid Poisoning. 
ZVAIFLER, NATHAN (1944). J. industr. Hyg., 26, 124. 


High concentrations of chromic acid, as in chromium 
plating solutions, cause a perforating ulcer of the nasal 
septum, but an anodizing solution containing 5 per cent. 
of the acid presents a different picture. The disease is 
limited largely to the nasal mucosa, although skin rashes 
are common. As a rule the greater the exposure the 
more the involvement, but there are great variations in 
susceptibility to the disease. Some workers have to be 
excluded from working at the vats after only two weeks’ 
exposure, while others have only moderate involvement 
after months at the same work. Over a hundred cases 
have been studied, and in 50-60 per cent. of them there 
was only a superficial greyish ulceration limited to the 
anterior part of the septum. In about 35 per cent. of 


cases there was a larger involvement of the septum, with 
the condition spreading to the turbinate and reaching to 
the cartilage; 5-10 per cent. of persons who come into 
intimate contact with the fumes present a picture similar 
to atrophic rhinitis, with a general involvement of all 
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the nasal mucosa. The best solution of the problem is 
the prevention of the poisonous fumes by improved 
ventilation, but vitamin A and D ointment, if applied 
twice daily, has a distinctly beneficial effect. When 
improvement does not take place, even after removal of 
the subject for three or four months from contact with 
the fumes, a subcutaneous resection of the cartilaginous 
septum is indicated. This can be done without causing 
perforation if extreme care is taken in the separation of 
the diseased mucosa. H. M. V. 


Chromic Acid Poisoning resulting from Inhalation of Mist 
developed from Five per cent. Chromic Acid Solution. 
II. Engineering Aspects of Chromic Acid Poisoning 
from Anodising Operations. GRrESH, JOSEPH T. (1944). 
J. industr. Hyg., 26, 127. 


Anodizing is an operation whereby a coating highly 
resistant to corrosion is formed on aluminium and its 
alloys through anodic oxidation of the aluminium. It 
is of great importance that the chromic acid should be 
prevented, by proper ventilation and exhaust, from 
causing ulceration in the nostrils of the platers. The 
chromic acid solution is maintained at 95° F., and is 
constantly agitated by a current of air. Hydrogen is 
evolved, and carries with it a mist of chromic acid into 
the surrounding atmosphere. The anodizing tanks 
described were provided with an approved type of 
exhaust ventilation, but it did not prevent cases of 
ulceration. When the doors of the tank were open to 
gain access to the work a harmful amount of chromic 
acid escaped, so the rate of exhaust ventilation at the 
surface of the solution was raised from 120 cubic feet 
per minute per square foot of tank area to 150 feet, and 
the design of the exhaust ducts was improved. Also 
operators were required, for a time, to wear respirators 
while working over the tanks, but this precaution did 
not prove to be of value. Analyses of the chromic acid 
concentration in the air around the anodizing baths 
were made, and they showed that with the revised 
exhaust system the air was free from the poison, in con- 
trast to the air around the original baths. Illustrations 
are given of the two types of anodizing tank. 

M. V. 


The Nitrogen Requirement of Patients with Thermal Burns. 
TAYLOR, F. H. L. (1944). J. industr. Hyg., 26, 152. 


In patients with thermal burns the nitrogen balance 
is upset, and there may be a sustained loss of protein 
from the body for many weeks. Fever is present and 
often this fever is due to infection. It is stated that the 
protein requirements of patients with severe infection 
may be as great as two grams per kilogram of body 
weight, or twice the normal amount. The present report 
deals with observations on some 250 burned patients, 
many of them with over 20 per cent. of their body 
surface involved. Their urine nitrogen was markedly 
elevated, especially during the first few weeks, and the 
nitrogen excreted was sometimes equivalent to the kata- 
bolism of 200 grams of protein per day. All patients 
were receiving from 80 to 125 grams of protein at a level 
of 2500 to 3000 calories per day, but this was insufficient. 
In some burned patients the minimum protein require- 
ment during certain periods may be as much as 300 grams 
per day, but it is very difficult to ingest more than 
180 grams. Additional means of increasing protein are 
forced feeding by gastric intubation and the use of 
parenteral casein hydrolysates. The last resort was 
intravenous administration of protein in the form of 
protein digests. This is liable to produce thrombosis or 
sclerosis of the blood vessels, so it is best to administer 
the amino acids intrasternally. The rate of adminis- 
tration should not be greater than 300 c.c. per hour. 

H. M 























PROCEEDINGS OF THE ASSOCIATION OF INDUSTRIAL 


MEDICAL OFFICERS 


THIRTY-SEVENTH MEETING 


The annual general meeting was held on October 14, 
1944, at the London School of Hygiene and Tropical 
Medicine, Dr. J. C. Bridge in the chair. Following the 
private business (reported below), Professor J. A. Ryle 
(Oxford) read a paper on social medicine and industry. 


Office Bearers, 1944-45 


Dr. J. C. Bridge (London) remains as Chairman until 
October, 1945 


Dr. W. Blood (London) was re-elected Honorary 
Secretary. 

Dr. P. Pringle (London) was elected Honorary 
Treasurer. 


Drs. W. E. Chiesman (Liverpool), M. W. Goldblatt 
(Manchester), ex officio, T. A. Lloyd Davies (Notting- 
ham), D. C. Norris (London), Patricia Shaw (London), 
and Donald Stewart (Birmingham) were elected as the 
Executive Committee, together with the officers of the 
Association. 


Representatives on Outside Bodies. Dr. W. J. Lloyd 
(Birmingham) was elected to represent the Association 
for the next 3 years, as from February, 1945, on the 
Board of Management of the Birmingham Accident 
Hospital. 

Dr. G. F. Keatinge (Derby) was elected to represent 
the Association on a sub-committee of the British 
Standards Institution dealing with welders’ goggles. 

Dr. T. A. Lloyd Davies (Nottingham) was elected to 
represent the Association on a committee of the Empire 
Rheumatism Council. 

Finance. The Honorary Treasurer presented the 
financial statement for 1943-44, which was unanimously 
approved and adopted. The annual subscription 
remains at £1 1s. for Ordinary Members, and 10s. 6d. 
for Associate Members. A further donation of £10 10s. 
was granted to the Association’s Prize Fund held by the 
Public Health Department of the London School of 
Hygiene for proficiency in industrial medicine and 
hygiene. 

Honorary Membership. Professor J. M. Mackintosh, 
Dean of the London School of Hygiene and Tropical 
Medicine, was unanimously elected an Honorary 
Member of the Association. 

Education Committee. Dr. W. E. Chiesman reported 
on progress. Five meetings had been held and much 
of the spade work accomplished. Reports on various 
aspects of the problem had been received from a large 
number of different persons and experts in this field. It 
would be possible to issue a report in a few months time. 

British Journal of Industrial Medicine. Dr. Donald 
Stewart made a statement on the supply position. He 
regretted that some members had had difficulty in 
obtaining a copy, but this had been due to shortage of 
paper. Representations had successfully been made to 
the appropriate government department and more paper 
would be forthcoming to meet the demand, starting with 
the October number, 1944. 

Future Development of Industrial Medicine. Copies 
of two documents had been circulated. The first was a 
revised version of the original memorandum on the 
future of industrial medical service submitted to the 
British Medical Association; this embodied most of the 
subject-matter but was presented in a somewhat different 
form. The second was a statement from the Chairman 


setting out the reasons why it had been considered 
advisable to amend the original document. The Execu- 
tive Committee was responsible for the proposed revisions 
and amendments. Following a long discussion, in which 
several amendments were proposed, final agreement was 
reached. The Honorary Secretary was instructed to 
send a copy of the revised memorandum to all members 
and to such other bodies or persons as the Executive 
Committee might think advisable. 

The amended memorandum is dated October, 1944. It 
briefly describes that the Association of Industrial Medical 
Officers, formed in 1935, now comprises some 400 members 
engaged”in the different branches of industrial medicine. 
The Association is in agreement with the remarks on indus- 
trial medical service on pp. 66 and 67 of the white paper, 
‘A National Health Service, 1944’ (Cmd. 6502), but it cannot 
subscribe to the inference on p. 10 that industrial medical 
service can be separated from a national health service. 
There are certain apparent defects in the present system. 
Arrangements provide a service for not more than 25 per 
cent. of persons employed. The service so provided is not 
always adequate. Training of medical and nursing per- 
sonnel for industry is quite inadequate. There is adminis- 
trative overlap in that a number of government departments 
have their own separate medical service, e.g. Ministry 
of Labour, Ministry of Fuel and Power, Ministry of War 
Transport. Industry essentially includes more than factories 
and integration of the health services of all occupational 
groups is vital. Facilities for industrial health research are 
not adequate. The suggestion that the industrial medical 
officer may be professionally subservient to the employer 
who pays him is not a valid criticism. But of more im- 
portance is the fact that the financial position of the employer, 
or his personal inclination, may affect the quality or lead to 
the termination of the service, without regard to the needs of 
the worker. The problem has many aspects—not the least 
important of which is the future structure of industry itself. 

The final recommendation of the Association is 
that— 

‘a Committee of Enquiry should be set up by the 

Government to consider the matter in all its aspects.’ 


BIRMINGHAM GROUP 


A meeting was held on Friday, September 22, in the 
Physiology Department of the University, with Prof. 
H. P. Gilding in the chair. The subject for discussion 
was 

The Health of the Adolescent Boy 

introduced by Mr. Ernest Booth who outlined the history 
of the medical care by the state of the adolescent boy in 
industry. His experience was that of welfare manager 
at a large firm in Birmingham. Medical examination by 
Examining Surgeons had in the past been hurried, and, 
from the point of view of good employers, most unsatis- 
factory. There was inadequate follow-up, and little 
advice given to employers. He had, also, certain 
criticisms of the school medical service; there was lack 
of opportunity for collaboration and useful information 
was rarely passed to the factory. It was his view that 
the health history was of great importance and there 
must be continuity of information. 


Dr..R. E. Smith, medical officer to Rugby School, said 
that in the past one of the main ways of maintaining 
health among juveniles had been routine examinations. 
The long list of abnormalities found apparently justified 
this, but many of these abnormalities recurred so that 
the numbers were exaggerated, as was the value of such 
examinations. Among boys at secondary schools 
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examined over ten years he found approximately that 
25 per cent. had carious teeth, 10 per cent. refractive 
errors of eyesight, and 5 per cent. orthopaedic deformities 
—almost exclusively flat feet. The total of other abnor- 
malities was only 7 per cent. He was convinced that if 
these abnormalities throughout were treated adequately 
there would be little need for routine examinations after 
the age of fourteen, and that the medical officer’s chief 
duty should be to see that those returning to work after 
illness had completely recovered. In addition, the 
adolescent boy should receive instruction on how to keep 
healthy, with special reference to the teeth and to the 
respiratory passages. The part nutrition has played was 
illustrated by the fact that recruits now entering the Post 
Office service weigh, on an average, 21 Ib. more than those 
engaged fifty years ago. The health record of the child 
should be available to all those who were concerned in 
his health, and the school record should be at the disposal 
of both the factory doctor and the panel doctor. There 
was need for purpose in every boy’s work, and planning 
to this end was essential. The Association of Boys’ 
Clubs, to which he was medical adviser, was particularly 
anxious, on the other hand, that leisure should be 
recreative in the true sense of the word. 


Mr. J. M. Hogan, Warden at the Outward-Bound Sea 
School for boys, Aberdovey, Wales, next gave the story 
of a fascinating experiment. This ‘school was founded 
in 1941 to train deck-boys and apprentices in seaman- 
ship and the handling of small boats. The founders of 
the school, the Blue Funnel Line of Liverpool, had 
found by bitter experience that the loss of life at sea was 
as much due to lack of seamanship after taking to the 
boats as it was to the actual explosion of torpedo or 
mine. The Government Departments concerned with 
the sea were asked to form such a school, but the sug- 
gestion was rejected. The initiative and the means were, 
however, forthcoming from private sources, and the 
school is now training boys through the sea, as well as 
for it. The idea has extended beyond its original 


purpose and is likely to spread further. 


The school is housed in three medium-sized residential 
properties which look out across the Dovey estuary and 
accommodates 100 boys; it is staffed by some ten young 
officers of the Merchant Marine (many of them under- 
going rehabilitation following injuries or exposure at 
sea), each of whom for a period of a few months serves 
at the school as tutor, guide, philosopher and friend to 
the boys. Apart from the Warden, the Chief Officer, a 
lady housekeeper, a matron, and two physical instructors, 
none of the staff are permanently appointed nor are they 
teachers by profession. The boys come from every 
walk of life, from ocean-going ships, from industrial and 
commercial apprenticeship schemes, from public and 
secondary schools, from established sea schools such as 
H.M.S. Conway, and from sea-cadet and other organiza- 
tions throughout the country. There are no class or 
professional distinctions; each boy comes for one term 
of four weeks only; the inclusive fee for the term is £12. 
The school aims to be self-supporting and, there being 
eleven terms in the year, with the remaining eight weeks 
set aside for rest for the staff, the school can handle with 
its very limited premises and its small staff more than 
1,100 boys each year. 

The training given is intense, but it is varied. The boy 
can give his whole mind to it because for the four weeks 
he has no responsibility to factory, home or classroom 
pursuits. There is less spare time than at most schools. 
Discipline is that of the Merchant Navy; ceremonial is cut 
to a minimum—there is no general saluting but respect for 
officers is marked; there are few formalities but the word 
of an officer is obeyed. The boys are grouped into ‘ watches’ 
of 12, each watch having the opportunity to select its own 
watch-captain and vice-captain, whose duty it is to maintain 
a high standard of service and discipline. As a result mere 
training becomes education for citizenship. During their 
four weeks at Aberdovey boys are asked to maintain first of 


INDUSTRIAL MEDICINE 


all a high standard of physical fitness and self-discipline; 
smoking, for instance, is not allowed; instruction is given 
in walking, running and other athletic attainments, in swim- 
ming, in boatmanship, and in seamanship. The standard 
of fitness reached in three or four weeks is astonishing; in 
fact many of the boys become conscious for the first time 
of their own physical powers. They now live in an atmo- 
sphere where physical fitness is regarded as necessary and 
not as the whim of a few cranks. Ordinary competitive 
athletics are not encouraged; every activity is judged on a 
basis of improvement on previous achievements, and stan- 
dards to be reached are set according to age. Training in 
seamanship involves instruction on land in compass, chart- 
and map-reading, navigation, life-boat drill, lead-line, 
recognition, wind and weather, and other subjects; at sea 
it includes oarsmanship and small-boat sailing in the tricky 
waters of the estuary, and a five-day cruise to sea in a 60-ton 
auxiliary schooner or an 80-ton sea-going auxiliary ketch 
belonging to the school, the boys acting as crews and having 
to work the ships themselves, under skilled guidance. 

Some two thousand boys have already passed through 
the school. Some, because of it, have gone to sea the 
better for the experience; others have been enabled to 
make up their mind that they are mentally or constitu- 
tionally unsuited for a life at sea and have returned to 
factory or school. For all, the four weeks’ intense 
training has been an adventure and an education; the 
open-air life will not be forgotten, nor will the fellowship 
with others and the efforts made and the dangers shared. 
The boys come away richer in experience, personal and 
practical; those who serve the schooi as officers and 
temporary school-masters, go back to their jobs at sea 
with a fuller consciousness of the problems facing the 
growing boy. Results have been achieved which are 
unique and outside the reach of orthodox methods. 
There are many who advocate for every boy a six or 
twelve months’ period of national service, under con- 
ditions of discipline, at 19, 20 or 21. Whether this 
comes or not, the experiment suggests the possibility 
that every boy, between the age when he leaves school 
and the age when he attains to full manhood, might have 
the opportunity to spend one month in each year at a 
short-term boarding school of the Aberdovey type, to 
develop his character and his physique, to widen his 
outlook and to broaden his friendships, to help him to 
test himself and, often, to find himself. Such schools, 
with no professional teaching staff and only a short 
period of residence, with no obligation on the boy before 
or afterwards, have an original contribution to make to 
the education of the a‘olescent, and to the boarding- 
school versus day-schcol issue. Short-term schools 
could be linked with many phases of the national life, 
at home and abroad, including air and sea training; 
training for civilian services (Fire, Police); and for 
industry—forestry, agriculture, fishing, mining, quarry- 
ing, and factory work. The number and variety of these 
short-term schools might be considerable; if a boy has 
three four-week periods to spend between 16 and 18, 
each period could be spent at a different school learning 
to understand and do a different job of work. 

Further experiments for both boys and girls are neces- 
sary. Already the short-term school for boys—com- 
bined with part-time release from industry or boarding- 
school—gives new scope and awareness, with relatively 
little paraphernalia and staff. Buildings and equipment 
accommodate 100 boys at a time, 1,100 boys per year, 
probably the maximum number socially and adminis- 
tratively practical for a four-weeks’ course; capital cost 
and running cost are modest per boy accommodated. 
In contrast, a large public school, with substantial outlay 
of capital and revenue, may accommodate 1,000 boys for 
five years, or 200 boys per year. It is not suggested 
that the short-term school should replace the boarding- 
school, but, linked with the boarding schools, the 
technical colleges and industry, it can give at 16+ a 
wider understanding and a broader basis for citizenship 
at low cost and without laying a further burden on the 
teaching profession. 
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and dressings economy. 
Modern Surgical practice favours an 
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permitting uninterrupted healing. ‘ 
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